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Introduction

Fish are the most numerous and varied group of vertebrates. Over 33,000 species are found in all 
aquatic ecosystems, from the extreme environments at the poles to warm tropical waters, from fresh 
water to isolated, highly saline areas and from shallow bodies of water to the great depths of the oceans. 
Fish display remarkable morphological, physiological and behavioural adaptations in securing their 
survival and establishing a firm foothold in a constantly changing, three-dimensional natural world. 
There are species living in environments with minor fluctuations in salinity (stenhohalines) and/
or temperature (stenotherms), others that can thrive in wider ranges (euryhalines and eurytherms), 
species that have high oxygen demands (e.g. trout and salmon), and others adapted to survive in 
oxygen-poor waters (e.g. catfish and cyprinids). Lastly, there are species that live alone, and others 
that form shoals consisting of large numbers of individuals. 

For billions of humans, fish are an important nutrient-rich source of food, which is provided both by 
fishing and by aquaculture. The contribution of fisheries to world global fish production has remained 
stagnant since the late 1980s, whereas aquaculture has trended upwards, reaching 47% of overall 
output in 2016 (http://www.fao.org/state-of-fisheries-aquaculture). In Europe, aquaculture accounts 
for 20% of total fish output and is a major economic activity, employing approximately 85,000 people 
(http://feap.info/). In Greece, the farming of Mediterranean sea fish has been one of the fastest 
growing animal production sectors for the past three decades, with prospects for further growth. 
According to a recent report by the Federation of Greek Mariculture, Greek output already accounts 
for 61% of sea bass and sea bream production in the EU, and almost 30% of global production, with 
distribution to over 32 countries (FGM, 2018). 62% of total domestic fish product output comes from 
mariculture, an important branch of the primary production sector that has created 12,000 direct and 
indirect jobs, mainly in coastal or remote areas (FGM, 2018, van de Vis et al., 2017).

In contrast to other production animals, it is only relatively recently that farmed species of fish and 
welfare issues relating to them have aroused scientific concern and public interest (Huntingford et 
al., 2006). Yet fish welfare is now a major priority just as much for producers and all professionals 
involved in the fish farming sector as for the scientific community, consumers, NGOs, regulatory 
bodies and the state. 

Producers have an especial interest in the welfare of the animals they farm. They have developed 
and adopted practices and technologies leading to the assessment of fish condition, performance 
monitoring and welfare improvement. On the other hand, management and regulatory bodies as well 
as independent organisations have developed standards and certified welfare schemes for particular 
species of farmed fish. This situation has set the sector new challenges, including that of obtaining 
proper information on current scientific views and the relevant legal framework. 

Within that context, aquaculturists wish to incorporate acceptable and reliable welfare indicators into 
the production process. In taking daily care of their stock, they wish to incorporate husbandry practices 
that improve fish welfare and vigour. Yet this in itself represents a challenge, given that the concept 
of welfare is complex: it has an objective dimension to the individual experiencing it, and is liable to 
modification on the basis of current scientific and philosophical views. Objectively “measuring” also 
represents a challenge, as available welfare assessment indicators may not be suitable for all farmed 

species of fish and/or may not be implementable at all life cycle phases and in all production systems. 
In the case of fish, there is the added difficulty of monitoring and recording the state of separate 
individuals in a large shoal moving in three-dimensional space. Lastly, one further difficulty is the 
lack of reference values for blood, biochemical and hormonal laboratory welfare indicators. 

In assessing welfare, specific, measurable Welfare Indicators (WIs) have been developed. These can 
be subdivided into direct indicators (relating to fish) and indirect ones (relating to the environment 
or farming and operations technology). They are also separated into Operational Welfare Indicators 
(OWIs), i.e. those implementable on the farm and in the various phases of the production process, 
and Laboratory-based Welfare Indicators (LBWIs), based on samples taken from fish on the farm and 
sent to specialist laboratories for analysis. Lastly, there are indicators now being developed at the 
research level, which may be used in the production process at some point in the future. 

Aim and scope of the guide

The main aim is to compile an operational guide for workers and those involved in mariculture, so 
that they can carry out tasks in line with current scientific knowledge on the welfare of farmed fish 
and well-established farming knowhow.

As regards implementation, this guide is for the production cycle of European sea bass and gilthead sea 
bream, i.e. the two main species in Mediterranean Aquaculture. For each of the individual production 
stages and each main activity, practices limiting fish stress and improving welfare will be described. 
The guide will set out the optimal practices for reducing stress and name the Operational Welfare 
Indicators, linking them to the tasks carries out at production facilities. In addition, measurable 
Laboratory Welfare Indicators will be given, confirming the impact of the sound practices adopted. 
The individual production stages and activities to which the guide makes reference are: 

The main scope of the guide is: 

1. To briefly describe current scientific data and ethical views on animal welfare.

2. To describe the needs of European sea bass and gilthead sea bream in different production phases, 
in relation to improving their welfare.

3. To describe the Operational and Laboratory Welfare Indicators, evaluating the advantages and 
disadvantages of each indicator.

4. To assess the welfare indicators in relation to production system, production phase and husbandry 
practices employed.

5. To reinforce practices leading to the improvement of fish welfare.

6. To produce material to further train employees in the mariculture sector on welfare issues.







 
 
 
 
 
 

Phases Processes
Breed Management
Pre-growing
Juvenile Transport
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This guide is based on study of relevant scientific literature, publications by international organisations 
and guides published on other farmed fish species (Noble et al., 2018). It represents the first such 
attempt in Greece, aiming to serve as an open feedback process for its further improvement. This is a 
process that may result in the development of welfare indicators for European sea bass and gilthead 
sea bream that are acceptable to producers as well as to regulatory bodies and consumers.

1 | 1.	 Theoretical framework and scientific views on welfare

At least in the so-called Western world, social sensitivity towards the correct treatment and welfare 
of farmed mammals and birds is taken for granted. On the other hand, producers are well aware that 
rearing conditions have a decisive impact on the quality of meat produced. Within that context, sound 
practice rules and regulatory frameworks have been developed with regard to the best possible care 
of terrestrial farm animals during rearing and transport to abattoirs. Lastly, recommended humane 
killing techniques have been developed.

In contrast to other production animals, it is only relatively recently that farmed species of fish and 
welfare issues relating to them have aroused scientific concern and public interest (Huntingford et 
al., 2006). Yet fish welfare is now a major priority just as much for producers and all professionals 
involved in the aquaculture sector as for the scientific community, consumers, NGOs, regulatory 
bodies and the state. 

Views on welfare differ, often leading to heated debates in the public arena. This is easy to see once 
we grasp that the concept of welfare has philosophical, scientific and legal dimensions, which are 
referred to in brief in the following section. 

1.1 |  Philosophical views on welfare

The two fundamental philosophical schools dominating the debate on welfare are utilitarianism 
(consequentialism) and deontology (Rachels and Rachels, 2010). Utilitarians argue that humans 
should do what leads to the greatest possible happiness for the greatest number of individuals, given 
that humans are beings capable of feeling pain, pleasure and joy. Utilitarianism places emphasis 
on the consequences or results of our actions. A correct action is one tending to maximise benefit. 
According to Peter Singer (1975), the leading proponent of the utilitarian tradition in the modern 
era, animals capable of sentience are to be included in the moral community of humans. On the other 
hand, the school of deontology lays down moral values up front, placing the morality of an action 
in the action itself. This school accords rights to those beings that have inherent value. According 
to Tom Regan (1983), a contemporary proponent of the deontological tradition, animals of inherent 
value are those possessing self-consciousness, beliefs, desires, goals and awareness of the future.

That being said, regardless of moral theories and their philosophical roots, the main issue is whether 

“humans acknowledge moral obligations towards animals, and whether they are willing to fulfil them” 
(Haziroglou, 2018). Yet how each human being understands the concept of welfare in their everyday 
life has to do with their personal values, their personal interests and the society they live in. In 
general terms, views head in three directions (Fraser, 2008; Vapnek and Chapman, 2011). The 
first (functional-physiological) approach sees welfare as synonymous with an animal’s good health 
(lack of injuries, abrasions and diseases) and the proper functioning of its natural mechanisms. The 
second (affective) approach places emphasis on the animal’s emotions and the avoidance of negative 
situations such as pain, fear, stress, anxiety and hunger. The third (natural living) approach mainly 
refers to an animal’s need to exhibit its innate-natural behaviour as expressed in its natural habitat 
(this view is particularly widespread in countries where the super-intensive rearing of production 
animals predominates). 

1.2 |  Scientific research and welfare

Research into the welfare of animals used for scientific and production purposes is cross-disciplinary, 
including a range of fields, such as genetics, molecular biology and high-performance biomolecular 
analysis (omic technologies), physiology and the neuroendocrinology of stress, nutrition, ethology, 
pathology, and disease prevention and treatment. It aims at gaining better knowledge of animal 
function, needs and desires, developing reliable welfare indicators and improving rearing conditions, 
and strives to answer questions relating to pain, anxiety, fear, sentience, empathy and consciousness. 
At the same time, it includes all stages in an organism’s life cycle and different production phases, in 
relation to technology and rearing system. Historically speaking, such research has for the most part 
concerned mammals and birds, extending to fish relatively recently. 

The truth is that to this day, no commonly accepted definition of animal welfare has been arrived at. 
It is also worth stressing that there is no commonly accepted translation of the term into the Greek 
language. It is often used as synonymous with fair treatment, the absence of stress, fear and anxiety, 
good health, wellbeing and good quality of life. In this guide we shall use the term as rendered in 
Greek legislation, as defined by Broom (1986), and adopted in its expanded version by the World 
Organisation for Animal Health (OIE, 2008):

“Welfare is the state of an animal in relation to its ability to cope with its environment. An animal is in a 
good state of welfare if (as indicated by scientific evidence) it is healthy, comfortable, well-nourished, safe, 
able to express innate behavior, and is not suffering from unpleasant states such as pain, fear or distress.” 

Achieving welfare means providing suitable rearing conditions, implementing suitable steps to 
prevent diseases and provide effective veterinary treatment of them, proper husbandry practices and 
operations, as well as employing a humane killing method.
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1.3 |  Regulatory framework

The first law concerning the prevention of cruelty to production animals (“An Act to prevent the cruel 
and improper Treatment of Cattle”) was passed by the parliament of the United Kingdom in 1822. 
It is otherwise known as Martin’s Law, after the Irish parliamentarian who introduced the law and 
also founded the first animal welfare organisation, the Royal Society for the Prevention of Cruelty to 
Animals (RSPCA) in 1824 (https://en.wikipedia.org/wiki/Cruel_Treatment_of_ Cattle_ Act_1822). 
Laws in other European countries then followed. 1978 saw the signing in Paris of the Universal 
Declaration of Animal Rights, a symbolic text which proclaims, among other things, that: “Where 
animals are used in the food industry, they must be fed, managed, transported and killed without them being 
in fear or pain.” (Article 9).

In 2001, Presidential Decree 374 on “The protection of animals in farming facilities” was published in 
Greece, in compliance with European Directive 98/58/EC implementing Council Decision 2000/50/
EC, “Concerning the protection of animals kept for farming purposes” (A 251). This decree also applies 
to farmed fish species (Article 2), though special provisions on rearing conditions and processes are 
only given for calves, pigs and laying hens (Article 4 and Annex).

The Treaty of Lisbon, signed in 2007, recognises animals used for scientific and production purposes 
as “sentient beings”, and calls upon Member States to adapt their legislation in accordance with 
what is laid down in article 13 (“In formulating and implementing the Union’s agriculture, fisheries, 
transport, internal market, research and technological development and space policies, the Union 
and the Member States shall, since animals are sentient beings, pay full regard to the welfare 
requirements of animals, while respecting the legislative or administrative provisions and customs of 
the EU countries relating in particular to religious rites, cultural traditions and regional heritage.”)
(https://ec.europa.eu/food/animals/welfare_en).

2005 saw the publication of European Council Regulation (EC) 1/2005 “on the protection of animals 
during transport”, followed in 2009 by Council Regulation (EC) No 1099/2009 on the “protection of 
animals at time of killing”. Although these regulations also concern farmed species of fish, the first 
makes no mention of specific guidelines for them. In the second it is stated that: “as regards fish, only 
the requirements laid down in Article 3(1) shall apply”, in other words, the general wording that: “Animals 
shall be spared any avoidable pain, distress or suffering during their killing and related operations”, while 
in article 27 it is also affirmed that: “Pending the adoption of these rules [regarding the protection 
of fish when being slaughtered], Member States may maintain or adopt national rules regarding the 
protection of fish at the time of slaughter or killing and shall inform the Commission thereof”. In 2017, 
a study was published at the behest of the European Commission on the welfare of farmed fish in 
regard to common practices during transport and harvesting. The report concerned five commercial 
species (salmon, trout, common carp, European sea bass and gilthead sea bream), but implementation 
of it was not legally binding (van de Vis et al., 2017).

2013 saw the publication of Presidential Decree No 56, adapting Greek legislation to Directive 
2010/93/EU of the European Parliament “on the protection of animals used for scientific purposes” 
(A’ 106). For the first ever time, the decree makes additional mention of the zebrafish (Danio rerio), 
a model organism in biomedical research. Commercial fish species are also included when used as 
animals for scientific purposes. The decree is not applicable to practices followed for recognised 
animal production purposes.

1.4 |   Cognitive functions in fish

Fish possess the anatomical structures, bodily systems and cognitive functions to perceive individuals 
of the same species, other species and the environment in which they live. They have central and 
autonomic nervous systems, well-developed endocrine and sensory systems, as well as the ability to 
learn, remember, encode space, recognise individuals of the same species, develop complex social 
interactions and use tools (Brown, 2015). In addition to perceiving images, colours, sounds, tastes 
and smells, several species of fish are capable of perceiving the source of vibrations (via their lateral 
line and otoliths) and magnetic or electric fields. There are also species that can make sounds, and 
others that have light-producing or bioelectric organs. 

Fishes are capable of reacting to adverse stimuli via a mechanism similar to that of mammals and 
humans. In stress situations, the teleost brain produces endocrine factors that act on chromaffin 
and interrenal tissue (structures corresponding to the medulla and adrenal cortex in mammals) to 
produce catecholamines (noradrenaline and adrenaline) and cortisol. This is the so-called primary 
“fight or flight” stress response, which goes on to trigger further metabolic, immune and behavioural 
responses. It is worth noting that this ability emerges during the first developmental stages (mouth 
opening) in gilthead sea bream and European sea bass (Szisch et al., 2005; Tsalafouta et al., 2015a, 
2015b, 2018). It is now accepted that fish express genomic, physiological, neuroendocrine and 
behavioural responses similar to those expressed by mammals in situations of stress, fear and anxiety 
(Wendelaar Bonga, 1997; Tort et al., 2011; Stewart et al., 2012; Tort et al., 2014; Balasch and Tort, 
2019). Increase in respiration rate (opercular beat rate), “freezing behaviour”, spending extended 
time on the bottom of tanks, preference for dark areas and loss of schooling consistency are all cited 
as characteristic examples of such behavioural responses (Maximino et al., 2010; Martins et al., 
2012; Stewart et al., 2012; Millot et al., 2014; Kleinhappel et al., 2019).

As far as pain sensitivity is concerned, most researchers consider that teleost fishes can feel pain. They 
possess nociceptors activated by painful mechanical, thermal or chemical stimuli, appropriate neural 
sensory fibres (mainly of the Aδ type, which relay information on pain at higher speed) to relay neural 
stimulation; neurotransmitters and metabolites (which have an important role to play in perceiving 
pain, vigilance, avoidance, reinforcement and reward); and they react to analgesic administration 
(Sneddon et al., 2003; Ashley et al., 2007; Braithwaite, 2010; Sneddon, 2019). Nevertheless, there 
are scientists who dispute the ability of fish to feel pain (Rose, 2002; Rose et al., 2014; Key, 2016). 
Their arguments are mainly based on the limited presence (or total absence in several fish species) 
of group C nerve fibres (low conduction fibres that relay pain and serve tactile stimuli, such as light 
touch and pleasant touch), as well as the absence of the neocortex, i.e. the area of mammal brains 
that is the seat of higher cognitive functions including pain processing. Yet regardless of whether 
teleosts can feel pain in the same way as humans do, EU legislative authorities consider fish to be 
sentient animals, hence all necessary steps must be taken to eliminate or minimise any potential pain, 
distress or permanent damage inflicted by humans.

As mentioned above, fishes possess the ability to evaluate situations, learn and remember, and adapt 
and alter their behaviour depending on their genetic predisposition and the way they perceive their 
environment. They have a sense of space and time, show anticipatory behaviour, can recognise 
individuals of the same and other species, cooperate in a school and manifest social interactions 
(Anthouard, 1987; Gómez-Laplaza and Gerlai, 2011; Millot et al., 2014; Vail et al., 2014; Brown, 
2015). That being said, the question of whether they have consciousness remains open to question. This 
is only reasonable considering that there are different approaches to the definition of consciousness, 
and scarcely any data on how higher conscious abilities developed in humans. 
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1.5 |    Welfare Indicators

In assessing the welfare of fish, Welfare Indicators can be employed. These indicators can be 
subdivided into:

(i)	 Indirect or environmental indicators, which relate to environmental characteristics such as 
oxygen saturation or water salinity, and 

(ii)	Biological indicators, where the information concerns the fish itself, such as health, growth 
and appetite.

Beyond this distinction, indicators are also separated into:

(a)  Operational indicators, i.e. those which can be assessed in situ, on the fish farm, and 

(b)  Laboratory-based indicators, which require specially trained staff to take samples for analysis 
by a remote specialist laboratory.

Table 1.1. Classifying welfare indicators. Typical examples are given for each category.

1.6 |    Summary

•Fish are the most numerous and varied group of vertebrates. Over 33,000 species are found in all aquatic  
 ecosystems, from the extreme environments at the poles to warm tropical waters, from fresh water to  
 isolated, highly saline areas and from shallow bodies of water to the great depths of the oceans.

•They have central and autonomic nervous systems, well-developed endocrine and sensory systems, as  
 well as the ability to learn, remember, encode space, recognise individuals of the same or other species, 
 cooperate in a school, and manifest complex social interactions. 

Welfare Indicators

Indirect  Biological 
- 
- 
- 

 

Operational Lab-based

Oxygen          - Health
Salinity          - Nutrition
Stocking density       - Behaviour

-  Oxygen             - Health
-  Nutrition             - Cortisol
-  Growth             - Maturation

•Regardless of their degree of consciousness or sense of pain, fish are sentient animals, and consequently all  
  necessary steps must be taken to eliminate or minimise any potential pain, distress or permanent damage   
  that may be inflicted on them by humans.

2 | Biological needs and welfare

2.1 |    Rearing water quality

European sea bass and gilthead sea bream are eurythermal and euryhaline species, and also show 
tolerance to a wide range of dissolved oxygen saturation. Temperature tolerance/survival range is 
2-35°C for European sea bass (EFSA, 2008; Dülger et al., 2012) and 5-34°C for gilthead sea bream 
(EFSA, 2008). Since tolerance depends on acclimatisation period, gradual alterations in temperature 
are not regarded as stressful, whereas particularly near tolerance limits, sudden changes may negatively 
impact welfare.

Dissolved oxygen is a parameter influencing welfare, metabolism, robustness and fish performance. 
While both study species are considered tolerant of a wide range of dissolved oxygen, the report by 
the European Food Safety Authority (EFSA, 2008) set an oxygen saturation level of no less than 40% 
as a guideline.

As for salinity, both European sea bass and gilthead sea bream are regarded as euryhaline species, 
so gradual changes do not negatively impact their bodily welfare, whereas sudden ones may have a 
negative effect.

Especially when rearing in sea cages, water pH only shows minimal fluctuations that do not negatively 
impact the welfare of farmed fish. With particular reference to the two species in this study, guidelines 
report that pH values below 6.5 and above 8.5 are poor welfare conditions (EFSA, 2008). In normal 
rearing conditions in the sea, water pH range varies at around 8, while fluctuations are limited and 
do not have negative consequences for fish welfare.

Water turbidity refers to transparency, which is affected both by the presence of solid suspended 
particles and dissolved substances. It is not usually a problem in sea rearing conditions; the presence 
of turbidity in tank water may negatively impact fish wellbeing both directly and indirectly (e.g. in 
relation to increased bacterial density), and should be further investigated to establish its causes.

2.2 |    Nutrition

Proper feeding is of primary importance to fish welfare. In intensive farming conditions the amount 
of feed is not usually an impediment to animal wellbeing. What may have a negative impact on 
animals, however, is feed quality and feed delivery management.

In the larval stage, following consumption of the yolk sac reserves, both European sea bass and 
gilthead sea bream are fed with live feed. For both species this contains enriched nauplii of Artemia 
sp. crustaceans and Brachionus sp. rotifers. There are also larval rearing protocols that include the 
additional provision of Chlorella sp. phytoplankton [the pseudo-green water method] (Papandroulakis 
et al., 2001). To improve larval survival and growth, these feeds are enriched with polyunsaturated 
fatty acids, phospholipids and amino acids. A gradual transition is then made from providing live 
feed to dry commercial feed, which is fully completed around 40-50 days after hatching, depending 
on the rearing protocol used.
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The composition and raw materials in individual feed ingredients are of major importance in catering 
for fishes’ biological needs. For instance, it has emerged that the balance between the quantity of 
protein and digestible energy in food is an important factor in growth and effective nutrient utilisation 
(Kousoulaki et al., 2015). Beyond that, nutrition is the only source of specific nutrients such as certain 
amino acids, vitamins and minerals that fish cannot synthesize. Changes in the quantities of provided 
ingredients may lead to significant changes in fish physiology and immune condition (Sitjà-Bobadilla 
and Pérez-Sánchez, 1999; Azeredo et al., 2017).

Apart from composition and quality, another significant factor is feed delivery management in relation 
to quantity and feeding frequency. Especially at feeding time, aggression in European sea bass and 
gilthead sea bream has been seen to increase when fish are given less than the recommended amount 
of feed (Andrew et al., 2004; Oikonomidou et al., 2019) and when it is delivered exclusively to the 
same area of the tank. Aggression is more intense in European sea bass than in gilthead sea bream 
(Oikonomidou et al., 2019).

Regarding feeding frequency, two main husbandry factors can impact fish welfare: the temporal 
distribution of feed delivery over the day and scheduled or random feed delivery. Depending on 
developmental stage, physiological condition and environmental conditions, the digestion rate and 
feeding behaviour of each species should thus be borne in mind when estimating optimal feeding 
frequency – e.g. alterations in frequency and quantity in summer compared to winter. Lastly, it is 
important for feeding to take place according to a fixed timetable, as the fish will then know what 
time feed is delivered by following the innate biological rhythms in their physiology and behaviour 
that favour optimal feed utilisation (Sarà et al., 2010; López-Olmeda et al., 2012). Delivering food in 
a random fashion during the day may lead to an increase in blood cortisol concentrations and intense 
activity throughout the day when compared to fish fed at specific times (Sánchez et al., 2009).

As far as nutrition is concerned, one important factor potentially impacting fish welfare is the 
fasting period animals may be subjected to prior to operations such as transport and harvesting. 
The consequences such intervals without feed may have depend on the duration of fasting, the 
physiological condition of fish and environmental parameters such as temperature. The European 
sea bass is a species known for its tolerance to short-term fasting, which can also rapidly return to 
normal weight levels after long-term fasting once feed delivery recommences (Rubio et al., 2010; 
Chatzifotis et al., 2011). Thus, short-term fasting does not appear to have negative consequences for 
fish survival, weight or physiological state (Rubio et al., 2010; Caruso et al., 2011). In instances of 
long-term fasting, however, the fish do lose weight (Caruso et al., 2011; Chatzifotis et al., 2011), 
while an increase in the concentration of lysozyme, a non-specific immune system parameter, has 
been observed in skin mucus (Caruso et al., 2011). Recommencing feed delivery initially leads to 
increased consumption (Aranda et al., 2001; Rubio et al., 2010), ultimately resulting in weight 
recovery (Chatzifotis et al., 2011).

In gilthead sea bream, even short-term (7-day) fasting may lead to weight loss, which is not observed 
in European sea bass (Ferreira Pinto et al., 2007; Peres et al., 2011). Furthermore, it is a species 
that does not show rapid weight recovery to the levels found in fish that have not undergone fasting 
(Eroldoǧan et al., 2006; Peres et al., 2011; Skrzynska et al., 2017), though a faster growth rate has 
been seen upon recommencement of feeding (Bavčević et al., 2010). This fact highlights the special 

attention that should be paid during gilthead sea bream fasting periods, to avoid subjecting them to 
reduced states of welfare.

2.3 |    Stocking density

Stocking density is a parameter potentially influencing fish welfare mainly in an indirect way, as it 
can lead to a significant deterioration in water quality and/or inhibit the expression of social relations 
and behaviours required for animal wellbeing. Density is usually expressed in terms of individuals 
per litre during larval rearing, and biomass per unit of volume (kg m-3) in subsequent rearing phases. 
Knowledge surrounding optimal stocking density is incomplete, and stocking densities in fish cages 
are often selected in part empirically, varying from 10 to 20 kg m-3 or more (EFSA, 2008).

Rearing density is nevertheless a significant factor impacting welfare. From as early as larval rearing, 
its effects on fish performance have been observed, though not as much in the early larval stages as 
in subsequent phases of larviculture. Thus, on comparing densities of 20 and 200 individuals per 
litre at 14 days post fertilization (dpf) (Saillant et al., 2003) and 50, 100, 150 and 200 individuals 
per litre up to 30 days post hatching (dph) (Hatziathanasiou et al., 2002), no differences in fish 
performance were observed. At 49 dpf, however, fish at a stocking density of 20 individuals per litre 
were of a greater length than those at 200 individuals per litre (Saillant et al., 2003). Furthermore, 
rearing at densities of 5, 10, 15 and 20 individuals per litre over the interval from 35 to 57 dph 
had a significant impact on the survival and performance of fry (Hatziathanasiou et al., 2002). In 
particular, survival was greater at lower stocking density, while body weight and growth were greater 
at low and high density (Hatziathanasiou et al., 2002). Similarly for European sea bream, a lower 
percentage of skeletal anomalies has been observed in rearing tanks with lower socking densities (16 
vs. 100 individuals per litre) (Prestinicola et al., 2013).

Most studies examining the effects of increased stocking density on fish performance and physiological 
condition after larval rearing concern land-based facilities and closed or open water circulation 
systems. In such cases, particularly regarding closed systems, it is difficult to distinguish the effect of 
stocking density from that of changes in water quality, and few studies have succeeded in separating 
the two.

Thus when the effects of increased stocking density (15, 30 and 45 kg m-3) were studied in European 
sea bass over the course of 6 weeks, no differences in body weight or physiological parameters such 
as cortisol and glucose were observed, with the exception of elevated concentration of fatty acids 
when compared to the lowest rearing density. However, when the fish were exposed to an additional 
acute stress event, high density groups showed greater sensitivity, as reflected in elevated blood 
cortisol and fatty acid concentrations (Di Marco et al., 2008).

In gilthead sea bream, different rearing densities (5, 10 and 20 kg m-3) showed a negative correlation 
between specific growth rate (SGR%) and density after 30 or 62 test days, both in juvenile fish 
at a mean weight of ~10g (Sánchez-Muros et al., 2017) and in individuals at a mean weight of 
~270g after 63 days (Araújo-Luna et al., 2018). The same result was also observed between stocking 
densities of 15 and 30 kg m-3 with gilthead sea bream at a mean weight of ~320g (Carbonara et al., 
2019a). In these studies, no significant differences in blood parameters (haematocrit, haemoglobin) 
or physiological parameters (cortisol, glucose) were observed between fish at the different rearing 
densities.

In studies where a deterioration in rearing water quality due to increased stocking density has been 
observed in parallel with greater density, the effects are even more intense.  In such experimental 
designs, it has emerged that body growth and feed intake are lower at higher rearing densities of 
European sea bass (mean weight 72-180g), though no differences are apparent in physiological 
indices such as cortisol, glucose and haematocrit (Person-Le Ruyet and Le Bayon, 2009; Sammouth 
et al., 2009; Santos et al., 2010). On the other hand, in gilthead sea bream, increased stocking 
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density accompanied by deterioration in rearing water quality acts on fish physiology and welfare, as 
manifested in elevated concentrations of cortisol, glucose, haematocrit and haemoglobin (Montero 
et al., 1999; Sangiao-Alvarellos et al., 2005; Mancera et al., 2008; Arechavala-Lopez et al., 2019) in 
fish at a mean weight of 7 to 400g. There are of course studies mentioning that these differences are 
only observed shortly after the trial commences, and that they then return to normal over a period 
of 2 to 7 days (Tort et al., 1996; Rotllant et al., 2000a; Barton et al., 2005) after exposure to high 
stocking densities.

2.4 |    Rearing system dimensions

The medium where fish are reared is a three-dimensional space, the parameters of which may influence 
living conditions. Knowledge about the effect of rearing system dimensions on fish welfare is very 
limited. For Mediterranean farmed species there are a few references concerning tank size during 
larval rearing, and one on European sea bass regarding the size of cages in sea farming. Thus, rearing 
larvae in tanks of differing volumes (2000, 500 and 40 litres) at the same density led to differences 
in larval growth and quality. Rearing in larger volumes resulted in the production of larval with a 
significantly higher growth rate, and a lower percentage of skeletal malformations and swim bladder 
problems (Lika et al., 2015). Similarly, gilthead sea bream raised in larger tanks resulted in a lower 
percentage of skeletal malformations, leading the authors to recommend the use of tanks measuring 
at least 40 m3 to reduce the emergence of defects (Prestinicola et al., 2013).

As regards the size of cages during sea farming, rearing European sea bass (mean weight 130g) in 
cages of different volumes (1, 4, 45 and 252 m3) at the same stocking densities resulted in significant 
differences in performance and welfare as regards physiological parameters between different 
experimental groups (Samaras et al., 2017). In particular, growth rate was higher in the larger cages, 
while food conversion ratio (FCR) and cortisol concentration were lower, thus reflecting the fact that 
fish welfare is not only affected by stocking density, but – mainly – by available space, i.e. the usable 
volume in the rearing unit.

Lastly, one significant parameter regarding cage dimensions is depth. Fish are distributed at different 
depths in the cage depending on environmental rearing conditions (temperature, oxygen), husbandry 
practices (feed delivery, stress), physiological condition (ovulation period) and rearing at the larval 
stage (semi-intensive vs. intensive rearing) (Papandroulakis et al., 2014). It is thus necessary to give 
cages sufficient depth to allow fish to express their behavioural needs.

2.5 |    Hygiene and disease prevention

Maintaining hygienic conditions both in rearing medium and during handling procedures is important 
in preventing the emergence of infections and diseases borne by pathogens (parasites, bacteria, viruses 
and others) that may cause illnesses in fish. One further factor during larval rearing is the living feed 
delivered in the early developmental stages, via which larvae may become infected.

In farming conditions at sea, the fact that fish are exposed to pathogens means that higher rearing 
densities may favour the spread of disease. A series of preventive measures are implemented to prevent 
such phenomena, such as vaccination against specific pathogens, sampling to evaluate population 
health and maintaining hygienic conditions during operations. When fish are reared in tanks, e.g. 
broodfish, it is extremely important to maintain water quality at optimal levels and to observe strict 
hygiene rules so as to prevent diseases from emerging. 

2.6 |    Behaviour and social interactions

One of the basic concepts of welfare lies in the freedom of animals to express their behaviours. These 
include swimming, social interactions, exploration, periods of reduced activity and even reproductive 
behaviour in the case of mature breeding animals.

Although publications on available space and fish welfare are scanty, at least for European sea bass 
it has been observed that at the same stocking densities, physiological welfare indicators are better 
when the rearing unit volume is greater (Samaras et al., 2017), thus permitting the freer expression 
of behaviours such as schooling and swimming.

With regard to social interactions, the two main behaviours that may cause or result from reduced 
welfare are aggression and competition. It has been reported that both European sea bass (Benhaïm et 
al., 2011; Carbonara et al., 2019a) and gilthead sea bream (Goldan et al., 2003; Montero et al., 2009; 
Castanheira et al., 2013; Papadakis et al., 2016) show aggressive behaviour, even forming hierarchical 
relations in groups of a few individuals under small-scale experimental rearing conditions. On the 
other hand, in floating units where thousands of fish are reared together, hierarchy relations are rarely 
established, and fish interactions are more opportunistic. Of course, in such cases food competition 
cannot be avoided; this may be indirect due to some fish reacting faster and more intensely to 
feed delivery (scramble competition), or directly expressed via aggression (EFSA, 2008; Attia et 
al., 2012). Experiments with small populations in tanks have shown that aggressive behaviour may 
manifest itself during feeding, particularly in periods when feed intake is limited (Goldan et al., 
2003; Andrew et al., 2004; Papadakis et al., 2016; Oikonomidou et al., 2019). Furthermore, there 
are indications that wider dispersed food delivery can reduce the frequency of aggressive behaviour 
in European sea bass, but not among gilthead sea bream, where it is comparatively lower overall 
(Oikonomidou et al., 2019).

One further parameter of importance for welfare is respect for periods of reduced animal activity, 
which does of course presuppose knowledge of activity and rest periods in the animals under study. 
In general, fish appear to regulate their activity depending on feeding time (Velázquez et al., 2004; 
Montoya et al., 2010). Nevertheless, in cases studying autonomous feed provision via self-feeders, it 
has been observed that the species in question may be active both in the daytime and at night (Paspatis 
et al., 2000; Rubio et al., 2004; Velázquez et al., 2004; Millot and Bégout, 2009). Furthermore, 
activity is heavily influenced by environmental conditions (especially temperature and photoperiod), 
with an increase in nocturnal activity during the coldest months (Rubio et al., 2004; Velázquez et 
al., 2004). Experimental data on the effects of disturbing rest periods in Mediterranean fish species 
are extremely sparse. Gilthead bream individuals manifesting daytime activity have been observed 
to show higher cortisol response to stress when provoked in the dark phase than in the light phase 
(Vera et al., 2014). Similar results have been reported for other fishes, such as the zebrafish (Manuel 
et al., 2014).

The normal commercial size for European sea bass and gilthead sea bream remains at 300-500g. 
However, changes in consumer habits (unwillingness to buy whole fish), the need for product 
diversification (e.g. fillets) and the higher sale price of larger-sized fish have led to the farming of 
European sea bass and gilthead sea bream at sizes in the order of 800g and above. In such instances 
both species may reach sexual maturity, with sex inversion from male to female occurring in gilthead 
sea bream in particular. Fish of this size thus manifest reproductive behaviour and spawn in their 
cages (Somarakis et al., 2013). Regarding European sea bass, it has emerged that fish tend to gather 
more at the surface of cages at that time, with alterations also seen in their locomotive behaviour 
(Papandroulakis et al., 2014). Consequently, it is important for fish wellbeing to take into account 
periods when reproductive behaviour is manifested and avoid operations or other stressful practices 
at that time.
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Lastly, one further parameter potentially impacting fish behaviour in cages is the presence of predators 
– mainly marine animals such as dolphins, seals, birds and predatory fish. Although the primary 
consequence of predator attacks is fish death, there are others that may impact fish welfare. First 
comes wounding, and the potential consequent emergence of infections (Nash et al., 2000; Cooke, 
2016). In addition, it has been observed that the presence of predators may provoke stress and changes 
in fish behaviour, particularly as regards swimming and nutrition (Nash et al., 2000; Güçlüsoy and 
Savas, 2003). The latter in particular may lead to reduced feeding and hence to suppressed body 
growth rate.

2.7 |    Summary

•Good living conditions necessitate satisfying the biological needs of the species under study, including   
  environmental and husbandry parameters.

•Environmental parameters such as temperature, oxygen, salinity, pH and turbidity mainly relate to  
  water quality.

•Husbandry parameters include nutrition, both stocking density and rearing dimensions, hygiene 
  and disease prevention.

•Lastly, good living conditions are typified by the free expression of individual and social 
  behaviours in fish, and the prevention of displays of aggression between individuals.

3 | Indirect (environmental) Welfare Indicators

3.1 |    Temperature

As ectotherms, fish are greatly affected by water temperature. Each species has a temperature range 
it can survive in, though that does not mean there are no negative impacts on animal welfare at the 
limits of that range. For European sea bass the range varies between 2-35°C (EFSA, 2008; Dülger et 
al., 2012), and for gilthead sea bream between 5-34°C (EFSA, 2008). That being said, there are also 
optimal temperature ranges for each species depending on developmental stage, which in the case of 
European sea bass vary between 10-20°C for eggs and larvae, and 8-28°C for larger individuals, and 
in that of gilthead seam bream 12-22°C and 8-30°C, respectively (EFSA, 2008).

Apart from absolute temperature level, the speed at which it changes also has an important role to 
play (Bertotto et al., 2011). Particularly during early developmental stages, when rearing is carried 
out in controlled land-based facilities, avoiding temperature changes is important. It is well known 
that rearing temperature in early developmental stages influences both performance and sex ratio 
in European sea bass, whereby a higher ratio of females emerges following larval rearing at low 
temperatures (13°C and 15°C versus 20°C) (Pavlidis et al., 2000; Piferrer et al., 2005). What is more, 
even 34 days post hatching, a temperature change from 15°C to 20°C during larval rearing can lead 
to a significant drop in the percentage of female individuals in the population (Koumoundouros, 
2002). It has also been observed that sudden changes in the order of 0.5-1°C per hour cause mortality 
in larvae of both species (Madeira et al., 2016; Moyano et al., 2017) and should thus be avoided. 
Yet even among larger fish, marked temperature changes should be avoided (EFSA, 2008) both 
during transport (Samaras et al., unpublished data) and during raising in floating pens (Samaras et 
al., 2018a).

Measurement method

Temperature is one of the easily measurable indicators, and one very often incorporated into 
parameter monitoring routines at farms. It does not call for specialist equipment or trained staff. 
Recent years have seen the development of automatic recording systems at both floating and land-
based installations, though purchase cost is high. In correctly assessing temperature it is vital to take 
measurements at different depths within cages.

Advantages of indicator

Temperature is easy and inexpensive to measure, while also being of vital importance to fish welfare 
and good performance. In addition, it also influences other indices such as oxygen saturation.

Disadvantages of indicator

As temperature is determined by the environment, there is no way of controlling and altering it 
during fish fattening in pens.
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3.2 |    Salinity

Both European sea bass and gilthead sea bream are euryhaline species, meaning that gradual changes 
in salinity are not anticipated to negatively impact their welfare. What may lead to reduced welfare 
or even mortality are sudden, extreme changes (Cataudella et al., 1991; Marino et al., 1994; Mabrouk 
and Nour, 2011). It is important to note that in European sea bass, tolerance to low salinities appears 
to be an individual characteristic (Thibaut et al., 2019) relating to population origin (Allegrucci et 
al., 1997).

Optimal performance in terms of growth and feed consumption has been recorded at salinity 301 
for European sea bass and 18-28 for gilthead sea bream (Conides and Glamuzina, 2001). There are 
some reports of better growth in juvenile European sea bass at salinity 10 and 20 versus 30 and 40 
(Eroldoǧan and Kumlu, 2002), but the majority of studies indicate the opposite. Thus, low salinity 
at fresh water levels has been seen to negatively impact growth in European sea bass (Eroldtǧan 
et al., 2004; Yilmaz et al., 2020); and when performances between low salinities (10 and 15) are 
compared, body growth is better at higher salinity (Goda et al., 2019). Fish at low salinities expend 
energy to maintain their osmotic balance (Masroor et al., 2018), particularly when fasting (Sinha et 
al., 2015), resulting in a negative impact on their welfare 

Similarly, rearing gilthead sea bream at salinity 6 led to lower growth as compared with salinities 12 
and 38, as well as lower osmotic concentration in the blood (Laiz-Carrión et al., 2005). On the other 
hand, studies carried out on larvae at 32 (Tandler et al., 1995) or 35 dph (Mohammed-Geba et al., 
2016) showed better survival, growth and a higher percentage of individuals with a functional swim 
bladder at salinity 20 versus salinities 25 to 38. Lastly, negative consequences of salinity have also 
been observed in immune system indicators, both at low (12) and high (55) salinity compared to a 
control group (38) (Cuesta et al., 2005).

Measurement method

Salinity is yet another easily measurable indicator incorporated in parameter monitoring routines at 
fish farms. It does not require specialist equipment or trained staff. Correctly assessing it involves 
taking measurements from different cage depths.

Advantages of indicator

Easy and relatively inexpensive to measure.

Disadvantages of indicator

Significant and sudden fluctuations are not anticipated, meaning the indicator is rarely of use.

1  Salinity expresses the amount of dissolved salts (in grammes) per kilo of seawater. The usual way of measuring 
it estimates “Practical Salinity”, which depends on temperature and liquid pressure, and by definition does not 
have units of measurement. That is the reference method used here. For further information see https://www.
nature.com/scitable/knowledge/library/key-physical-variables-in-the-ocean-temperature-102805293/

3.3 |    Oxygen

The concentration of dissolved oxygen in water is a crucial parameter for fish welfare, as it defines 
the available oxygen for respiration. The effect of oxygen should of course always be monitored 
in relation to other environmental parameters, such as temperature and salinity (Claireaux and 
Lagardère, 1999), as well as the animals’ energy demands (Claireaux and Lagardère, 1999; Pichavant 
et al., 2001).

Exposure to hypoxia conditions (40% saturation) during larval rearing negatively impacts welfare, as 
reflected in reduced growth rate (Vanderplancke et al., 2015; Cadiz et al., 2018a), lower toleration 
to new low oxygen events (Cadiz et al., 2018a), as well as lower aerobic activity capacity in later life 
stages as juvenile and adult individuals (Zambonino-Infante et al., 2017).

In subsequent developmental stages, both European sea bass and gilthead sea bream are regarded as 
species with high hypoxia tolerance, and welfare problems are only observed at low oxygen saturation 
levels (Thetmeyer et al., 1999; Pichavant et al., 2001; Araújo-Luna et al., 2018). In particular, a small 
drop in oxygen does not appear to have any negative effects on European sea bass as regards either 
oxygen consumption capacity (Claireaux and Lagardère, 1999) or physiological welfare indicators 
(Pichavant et al., 2001). Nevertheless, exposure to mild hypoxia (~60%) does appear to negatively 
affect the immune system of fishes (Cecchini and Saroglia, 2002). Lastly, in cases where dissolved 
oxygen is reduced to values approaching 40%, negative effects are seen both in aerobic activity 
capacity (Claireaux and Lagardère, 1999) and feed intake and growth (Thetmeyer et al., 1999; 
Pichavant et al., 2001; Cadiz et al., 2018b).

In gilthead sea bream, exposure to oxygen saturation of 40-60% did not lead to differences in growth 
when compared to a control group (80-100%), but to an elevated percentage of gill deterioration, 
thus signalling reduced welfare, which was not observed at saturations of 60-80% (Araújo-Luna et 
al., 2018).

Recent research in Greece on oxygen concentrations in European sea bass farming cages showed that in 
the summer months, oxygen saturation may approach the low levels proposed by the European Food 
Safety Authority (EFSA, 2008) as a guideline for the emergence of welfare problems (Makridis et al., 
2018). It is thus extremely important for preventive measures such as maintaining net cleanliness to 
be taken, so as to avoid such phenomena.

Despite the resilience of both species to low oxygen concentrations, negative effects are observed 
when changes in saturation are acute and marked. In particular, a sudden drop in oxygen levels by 
around 80% led to loss of consciousness and death in both species (Claireaux and Chabot, 2016; 
Magnoni et al., 2017). Changes of this type have also been seen to affect physiological welfare 
indicators such as cortisol, glucose and lactate (Magnoni et al., 2017; Martos-Sitcha et al., 2019).

Apart from decreases in dissolved oxygen, welfare problems may also be caused by increases 
(hyperoxia), particularly in land-based installations with an oxygen supply. Moderate hyperoxia in 
the order of 150% has been observed not to cause mortalities or significant changes in growth 
and the immune system of European sea bass (Cecchini and Caputo, 2003; Lemarié et al., 2011). 
Nevertheless, marked hypoxia (over 200% saturation) negatively affects survival, growth and ionic 
balance in the blood (Lemarié et al., 2011), particularly when accompanied by hypercapnia (Petochi 
et al., 2011). Long-term exposure to oxygen-supersaturated rearing water has also been reported as 
causing gas bubble disease and observed mortalities.
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Measurement method

Oxygen concentration and saturation are measured using oxygen meters. As the levels may vary at 
different points in fish cages or tanks, it is important to take measurement at several points, placing 
emphasis on areas where conditions are anticipated to be worst (e.g. at the water outflow in an open 
circuit tank). Lastly, automated continuous recording systems have been developed for use on floating 
and land-based installations, though this adds significantly to the cost of monitoring the indicator. 

Advantages of indicator

This is one of the most important parameters in fish welfare. It is easy to measure when the appropriate 
instruments are available. 

Disadvantage of indicator

The fact that differences that may exist in a single rearing unit necessitates measuring several points, 
with the added risk that points low in saturation may not be assessed.

3.4 |    pH

pH is a qualitative characteristic of water that varies little in open sea rearing conditions. That being 
said, in cases where rearing occurs in land-based tanks, pH has to be monitored systematically as it 
may be lower than in the sea and change relatively more markedly.

In the few studies examining the effects of low pH (in the order of 7.6-7.8) during larval rearing, 
conflicting results have been obtained. In particular, some studies show no observable effect of low 
pH on growth, development or larval swimming behaviour (Duteil et al., 2016; Cominassi et al., 
2019), while rearing at pH 7.7 versus 7.9 or 7.5 showed higher survival, but lower body growth at 
35 dph (Crespel et al., 2017). Lastly, in another study, rearing at pH 7.8 promoted faster growth at 
19°C but not at 17°C (Pope et al., 2014). In gilthead sea bream, on the other hand, studies agree that 
lower pH (between 6.0 and 7.5 compared to 8.0) negatively impact hatching, survival, growth and 
skeletal malformations (Basallote et al., 2012; Pimentel et al., 2016).

In larger individuals of European sea bass, increase in blood biochemical stress indicators (glucose 
and lactose) was observed on exposure to pH 7.7 versus 8.2 (Shrivastava et al., 2019). No differences 
in growth were noted in gilthead sea bream over a pH range from 8.1 to 7.5 (Réveillac et al., 2015), 
although in another study metabolic changes (metabolism of glycogen and fats, glycolysis)  were 
reported in fish exposed to pH 7.5 versus 8.0 (Araújo et al., 2018).

It is worth noting that the majority of the above experimental studies use carbon dioxide as a means 
of reducing pH, so care is required in evaluating the results as regards identifying the cause of 
observed changes. For that reason, the present guide follows the guidelines in the EFSA report 
(2008), which mention that for both species, pH values of below 6.5 or above 8.5 are poor living 
conditions, whereas gradual changes are not anticipated to negatively affect welfare.

Measurement method

pH is an easily measurable indicator when appropriate portable meters are used. As with the remaining 
environmental parameters, it is important to take measurements from different areas in the rearing 
installation.

Advantages of indicator

Easy to measure. 

Disadvantages of indicator

Often shows very slight changes, thus calling for use in combination with other welfare indicators.

3.5 |    Turbidity

Water turbidity is defined as “the disturbance or reduction in light transmittance in water resulting 
from suspended, colloidal or dissolved matter or the presence of planktonic organisms” (Eleftheriou, 
1998). It is a parameter that does not usually concern floating units in the sea, though it may 
influence fish living conditions mainly in combination with other parameters (e.g. reduced oxygen, 
increased bacterial density).

Measurement method

Turbidity can be directly estimated by sight. For greater accuracy it can be quantified using a secchi 
disc or digital meters.

Advantages of indicator

May be an early indication of deterioration in rearing water quality, as well as of changes in other 
parameters such as dissolved oxygen and pathogen growth.

Disadvantages of indicator

As a general measurement it does not pinpoint the nature of the problem, impeding the adoption of 
specific treatment measures.

3.6 |    Stocking density

Stocking density (rearing density) can affect fish living conditions both directly (mainly in terms 
of the manifestation of natural behaviours) and indirectly (deterioration in water quality, hygiene, 
stress, health). Many of the negative effects of increased rearing density on welfare may thus not 
originate in stocking density per se, but rather in the changes it brings about. As the interaction of 
these factors in combination with rearing technology makes it difficult to establish optimal stocking 
densities, values of between 10-20 kg m-3 are generally used on the basis of empirical data supported 
by scientific literature.
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During the larval rearing stage of both species, it has been observed that both lower rearing densities 
(Hatziathanasiou et al., 2002; Saillant et al., 2003; Prestinicola et al., 2013) and larger rearing 
volumes (Prestinicola et al., 2013; Lika et al., 2015) favour survival, body growth and performance, 
while reducing the incidence of skeletal malformations.

Furthermore, for European sea bass (Person-Le Ruyet and Le Bayon, 2009; Sammouth et al., 2009; 
Santos et al., 2010) and particularly for gilthead sea bream, it has been observed that high stocking 
densities during pre- and on- growing lead to a reduction in body growth rate, mainly when paralleled 
by water quality deterioration. More marked fin damage is also reported for European sea bass when 
reared at high densities (Person-Le Ruyet and Le Bayon, 2009).

As far as welfare indicators regarding physiology (e.g. cortisol and glucose) are concerned, it has been 
observed that European sea bass raised at high stocking densities (36 to 75 kg m-3) show difficulty 
in coping with an additional stressful operation, as reflected in elevated cortisol levels (Di Marco et 
al., 2008; Lupatsch et al., 2010; Santos et al., 2010). On the other hand, negative effects on welfare 
indicators such as higher cortisol, glucose, haematocrit and haemoglobin have been observed in 
gilthead sea bream at high stocking densities (20 to 70 kgm-3), both in the long term (Montero et al., 
1999; Sangiao-Alvarellos et al., 2005; Mancera et al., 2008; Arechavala-Lopez et al., 2019) and in 
the short term, with recovery to earlier levels after 2-7 days (Tort et al., 1996; Rotllant et al., 2000a; 
Barton et al., 2005). It is of course important to mention that the majority of the above studies on 
both species were carried out in open or closed-circuit tanks, and not in floating marine installations.

Research into European sea bass (Samaras et al., 2017) and other species such as marbled spinefoot 
(Siganus rivulatus) (Bukhari, 2005) have shown that in addition to density, a significant role in fish 
welfare is played by “available volume”, being the volume free for fish to manifest natural behaviours. 
Thus, expressing volume as kg m-3 is not the only factor affecting the living conditions of fish, as the 
volume of water available for them to express their behavioural and social needs should also be taken 
into consideration (Samaras et al., 2017). At present there is no evaluated indicator for assessing this 
characteristic.

Measurement method

During larval rearing, density is defined as the number of individuals per litre and is determined by 
egg stocking processes. As fish are especially sensitive in these stages, operations to change densities 
are not undertaken. When rearing larger individuals, density is defined as biomass per unit of volume 
(usually in kg m-3). Correctly estimating stocking densities in sea cages involves keeping records of 
the number of individuals, taking into account mortalities and regular weight measuring samples 
to adjust biomass. New technologies such as submersible camera drones, automated software and 
hydroacoustic systems may assist in the more accurate, less invasive and more automated estimation 
of stocking densities.

Advantages of indicator

Stocking density is an important parameter describing living conditions, which is easily calculable 
when accurate data is available on the number of fish, their mean weight and rearing volume.

Disadvantages of indicator

May influence welfare indirectly and must therefore be evaluated in parallel with other indicators 
such as water quality. As the absolute value of this indicator is not a reliable parameter, it should 
be co-evaluated with the fishes’ way of life, developmental stage, and behaviour, as well as rearing 

volume and technology. In some cases, it may change markedly and instantly, e.g. during feeding, 
when density increases dramatically in the area where feed is administered. Lastly, where no accurate 
data is available to calculate rearing density, the assessment may be erroneous, differing considerably 
from the actual level. 

3.7 |    Lighting

Lighting at fish cages in the sea is natural, and thus not anticipated to impact welfare. Nevertheless, 
there are periods in fish’s lives when they are exposed to artificial lighting, e.g. larval rearing, 
pre-growing and brood stock. In these cases, lighting is a complex factor described in terms of its 
intensity and quality (spectrum), as well as its periodicity (photoperiod). It has emerged that all three 
parameters may impact fish wellbeing (EFSA, 2008).

With regard to periodicity, lighting is avoided during the yolk-sac larval stages of both European 
sea bass and gilthead sea bream (EFSA, 2008), because although growth is promoted in continuous 
lighting conditions, unsatisfactory yolk sac consumption, jaw deformities and swim bladder problems 
are observed at the same time (Villamizar et al., 2011). In subsequent developmental stages light is 
an important factor in initiating predatory activity, while photoperiods of long duration appear to 
favour growth (EFSA, 2008).

As far as light intensity is concerned, according to the EFSA report (2008), intensity should be low 
(100-500 lux) during the larval rearing of European sea bass, whereas gilthead sea bream require 
stronger light (1.000-3.000 lux). Earlier studies on European sea bass give similar results (Barahona-
Fernandes, 1979; Johnson and Katavic, 1984), though later ones do not appear to confirm this 
(Cuvier-Péres et al., 2001), even showing better growth though at increased mortality under high 
intensity lightings (Yan et al., 2019). Differences in larval performance also arise in rearing under 
a different light spectrum, showing better growth and survival in blue or white lighting conditions 
(Villamizar et al., 2011).

In subsequent developmental stages lighting may have an important role to play in performance, 
physiology and welfare (Ginés et al., 2004; Karakatsouli et al., 2007; Vera et al., 2010; Vardar and 
Yildirim, 2012; Yildirim and Vardar, 2015), as well as in the unimpeded functioning of fishes’ 
biological rhythms (Cerdá-Reverter et al., 1998; Sánchez-Vázquez et al., 1998; Gómez-Milán et al., 
2011). That being said, under rearing conditions in floating sea pens, light is as a rule natural 
and this is not a cause for concern as regards fish welfare. The use of artificial lighting to provide 
constant light was investigated in the past, with a view to preventing the early sexual maturation of 
males in European sea bass (Rodríguez et al., 2005; Felip et al., 2008). The consequences this had 
for welfare were not studied thoroughly, and the practice tends not to be used any more. Changes in 
lighting (mainly photoperiod) is employed in broodfish rearing in land-based installations to provoke 
spawning (Zanuy et al., 1986; Carrillo et al., 1989). Lighting management is used in conjunction with 
temperature to achieve out-of-season spawning to produce fry all year round.

Measurement method

The application of this indicator is limited under rearing conditions in floating sea pens. It is 
particularly important during larval rearing and in spawning operations, where lighting is artificial. 
In these cases, the period, intensity and spectrum of lighting must be known and monitorable.
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Advantages of indicator

Lighting is a significant parameter in larval rearing and spawning operations. In cases were artificial 
lighting is used, adjusting parameters to desired levels is not anticipated to be altered by anything 
other than technical problems.

Disadvantages of indicator

Lighting is not readily controllable when rearing in fish pens in the sea. In cases where artificial light 
is used, dispersal to the entire volume of tanks or between tanks may not be the same; detailed study 
and proper installations are required to avoid such instances.

3.8 |    Summary

•Indirect (environmental) welfare indicators offer useful information on fish rearing conditions. 
  Many of them (e.g. temperature, salinity and oxygen) are regularly monitored by fish farm staff, 
  as they are crucially important to fish wellbeing.

•The various indicators differ from others both in terms of measurement and certain advantages 
  and disadvantages. Furthermore, there are indicators which depend on each other, e.g. oxygen 
  saturation is dependent on temperature. For that reason, concurrent assessment of more than one    
  indicator is required to gain a fuller picture of welfare conditions.

•Several environmental indicators (e.g. temperature, salinity, pH, turbidity) are controllable under  
  rearing conditions in land-based installations, but not in floating rearing pens.

•On the other hand, other indirect indicators are determined by rearing strategy, such as stocking  
  density, the rearing medium volume and lighting.

4 | Biological Welfare Indicators

4.1 |    Mortality

Mortality rate and extent is the most commonly used biological welfare indicator. It is a simply and 
immediately observable indicator, whereby increased rate indicates the existence of a serious problem 
in fish rearing conditions. In any case, it is important to establish anticipated mortality ceilings, so as 
to better assess whether and how observed mortality relates to reduced fish welfare.

To date there are no published natural mortality curves for European sea bass and gilthead sea bream, 
as there is e.g. for Atlantic salmon (Soares et al., 2011), which could be used as a reference base 
for assessing observed mortality at a specific area, time and production phase. Such curves do of 

course suffer from the weakness of generalisation, as the areas where there are fish farms in Greece 
differ from each other geographically, oceanographically etc. Thus, the most advisable method is to 
have curves for each farm from mortality data in previous years, on the basis of which acceptable or 
unacceptable mortality rate ceilings can be established.

Both long- and short-term mortality can serve as welfare indicators. Sudden, short-term increase in 
mortality provides a snapshot of acute reduced welfare, the causes of which should be investigated. 
Thus, although recording a small number of dead individuals every day is no reason for concern, 
records of dozens of dead fish should serve as a sign to further investigate fish welfare conditions. The 
severity of long-term mortality is harder to assess, as there are no mortality curves for Mediterranean 
species setting limits on cumulative mortality not reflective of reduced welfare conditions. Records 
of cumulative mortality in the order of 35% in one cage could be regarded as a practical limit that 
ought to serve as a warning signal (personal communication with producers).

Measurement method

Evaluating mortality involves collecting and counting dead animals on a daily basis. In periods of 
high mortality, the cause of death should be determined (e.g. disease, environmental parameters) 
so as to evaluate the impact on welfare, and above all so that steps can be taken to mitigate the 
phenomenon and avert it. 

Advantages of indicator

Assessing the indicator is simple, and already part of the routine procedures on fish farms. Although 
mortality is usually the end result of reduced welfare, in cases such as disease onset it may be a signal 
that the problem should be diagnosed and dealt with.

Disadvantages of indicator

The main disadvantage of this indicator is that it usually represents the end result of unacceptable 
welfare conditions. Reversing the immediate consequences is thus difficult.

4.2 |    Health

Health is one of the most important welfare indicators, as the presence of a disease is a sign of 
poor living conditions. This indicator includes numerous clinical circumstances, such as natural 
pathogenesis, communicable diseases and ectoparasites, and can also be evaluated on many levels, 
from macroscopic examination to specialist laboratory analysis. This complexity means that promptly 
establishing cause and effect relationships to tackle disease is often difficult.

According to the results of research into Mediterranean fish farming, plus specialist opinion in the 
field of fish pathology, the main diseases faced by sea-reared fish in Greece are viral encephalopathy 
and retinopathy/viral nervous necrosis (VER/VNN)], vibriosis, photobacteriosis, isopod infestation 
and flatworm infestation in the gills (Vendramin et al., 2016). These diseases have different clinical 
characteristics, different prevention and treatment methods and of course differences in virulence 
and contagiousness. The emergence of disease is a natural process, as pathogens are encountered in 
the sea as a matter of course. There are some fish farming practices that may favour the emergence 
and above all the spread of diseases, such as high stocking density, poor water circulation through 
nets and crowding. Furthermore, practices potentially leading to fish injuries such as loss of scales 
may increase the likelihood of pathogens entering an organism.
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Measurement method

Monitoring fish health is a routine procedure that can prevent mass disease outbreaks. This may 
include everything from a simple macroscopic examination to carrying out necropsies for laboratory 
evaluation of the situation. Reaching conclusions requires specialised, accredited staff. 

Advantages of indicator 

Particularly in high risk periods, regular checks may prevent the emergence of a disease if precautionary 
measures are taken. 

Disadvantages of indicator

On the other hand, diseases are only recorded once they have emerged, even if this is before they 
reach levels that can threaten a population. Furthermore, the absence of disease is not by definition 
synonymous with good welfare conditions, rendering the additional use of other welfare indicators 
necessary.

4.3 |    External appearance and injuries

The external appearance of the skin, fins and other structures such as the mouth and eyes are important 
welfare indicators, while also affecting consumers’ idea of the end product where imperfections are 
noticeable. In addition to the skeletal defects covered in the following section, the causes of these 
imperfections vary from injuries (in the main) to diseases including parasitosis and poor nutritional 
state in fish (Noble et al., 2012).

The most frequently observed skin problems involve loss of scales or skin parts, bleeding and ulcers. 
One major cause of these conditions are injuries, which may also be symptoms of diseases such as 
vibriosis. Injuries may be due to rearing structures including nets and tank walls, as well as operations 
such as netting, exposure to air, transport etc.

Injuries to fins occur for the reasons described above. In particular, two important factors affecting 
injuries of this type are high stocking density (Person-Le Ruyet and Le Bayon, 2009; Araújo-Luna 
et al., 2018), and inadequate fish feeding, which may lead to heightened aggression (Goldan et al., 
2003; Andrew et al., 2004; Papadakis et al., 2016; Oikonomidou et al., 2019).

Skull structures such as the mouth and eyes are also sites for monitoring the external appearance of 
fish (Noble et al., 2012). Particularly in the case of eyes, the most frequently observed complication is 
exophthalmia, though this has various causes – apart from injury, it may be due to infectious diseases 
or the presence of gases in the blood (Noble et al., 2012). Beyond exophthalmia, the eyes may exhibit 
bleeding or cataracts, the latter being more common in gilthead sea bream than in European sea bass 
(Bjerkås et al., 2000). Mouth and eye problems are anticipated to negatively impact fish welfare, as 
they affect feeding capacity and the manifestation of natural behaviours, and may even cause death 
(Noble et al., 2012).

Measurement method

Particularly as regards the skin, injuries can be recorded either at stock level, e.g. when scales or 

blood are seen in the water, or via the macroscopic examination of individual fish. Macroscopic, 
individual examination is required to monitor other cases. Injuries may be recorded as “present” or 
“non-present”, with systems for evaluating injury severity such as the five-grade scale for European 
sea bass fins proposed by Ruyet and Bayon (2009) being used for more detailed recording. There is 
currently no published scale classifying all of the potential injuries mentioned above.

Advantages of indicator

An increase in injury incidence points to poor living conditions, and is an extremely useful indicator 
for evaluating practices where operations are carried out on animals, such as crowding, exposure to 
air, transport, preventive treatment etc. 

Disadvantages of indicator

Identifying the cause of imperfect fish appearance such as exophthalmia is not always easy. When an 
increase in fish injury incidence is observed, it means that living conditions have already declined. 

4.4 |   Malformations2

Skeletal malformations are deformities of the skeleton such as the skull, including the jaws, the spine, the peripheral 
bones and the gill cover bones. High rates appear during larval rearing, and usually accompany individuals 
throughout their life. Deformities of this type are also encountered in wild individuals, though at lower rates than 
in farmed ones (Sola et al., 1998; Sfakianakis et al., 2013).

Fish with skeletal malformations are a problem for producers, as they are not selected by customers. Yet beyond 
this, malformations may also be problematic for fish welfare. In particular, although it is now known whether 
skeletal deformities cause fish pain (Branson and Turnbull, 2008), it goes without saying that fish with such 
malformations may show higher mortality (Koumoundouros, 2002) and experience difficulty feeding and 
breathing, especially in the case of skull deformities (Noble et al., 2012), and lower swimming performance, 
particularly as regards spinal deformities (Basaran et al., 2007). 

Factors influencing the emergence of skeletal deformities are both environmental and genetic. Thus, it has been 
seen that larval rearing temperature can markedly affect the incidence of skull and spinal malformations in both 
species (Sfakianakis et al., 2006; Georgakopoulou et al., 2007, 2010). Current speed also impacts the emergence 
of spinal deformities, mainly in the form of lordosis (Chatain, 1994; Divanach et al., 1997). In addition, both 
small available volumes in rearing units and high rearing densities appear to lead to an increase in the percentage 
of individuals with skeletal deformities (Can, 2013; Prestinicola et al., 2013; Lika et al., 2015). Lastly, poor 
nutritional condition in broodfish appears to lead to an increase in the percentage of deformed individuals among 
their offspring (Cerdá et al., 1994), while larval nutrition affects the emergence of malformations, reducing their 
emergence when larvae have a diet rich in amino acids (Cahu et al., 2003a) and phospholipids (Cahu et al., 
2003b).

2 Issues concerning congenital anomalies and physical defects will be discussed in a relevant forthcoming 
publication.
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As far as the influence of genetic factors is concerned, it has emerged that particularly as regards the spine, skeletal 

deformities show medium to high heredity in both European sea bass (Bardon et al., 2009; Karahan et al., 2013) 

and gilthead sea bream (García-Celdrán et al., 2015; Lee-Montero et al., 2015; Negrín-Báez et al., 2015a). Genetic 

loci associated with the emergence of skeletal malformations have been identified in gilthead sea bream (Negrín-

Báez et al., 2015b).

Measurement method 

Skeletal deformities are recorded either by visual observation (mainly in large individuals), photography following 

staining (mainly in larvae) and X-ray imaging. Skeletal malformations range very widely, and are thus usually 

classified into groups depending on their type and/or severity.

Advantages of indicator

Relatively easy to record, especially in large individuals. 

Disadvantages of indicator

Particularly during visual observation, the issue of observer objectivity may intrude. More than one observer 

is thus required for reliable results. Additionally, due to the different causes potentially responsible for skeletal 

deformities, establishing cause-effect relationships is difficult.

4.5 |    Nutrition and appetite

Nutrition and appetite in particular can serve as a welfare indicator, despite the fact that identifying 
the causes of anorexia is difficult. It goes without saying that stress and poor living conditions 
negatively impact fish nutrition and feeding (Pichavant et al., 2001; Rubio et al., 2010; Leal et al., 
2011). Even simple husbandry practices such as tank cleaning have been observed to cause abstinence 
from food or reduced appetite, particularly in European sea bass (Rubio et al., 2010), while gilthead 
sea bream appear more resilient to disturbance (Samaras et al., 2018b).

That being said, appetite is influenced by many other parameters, such as genetic predisposition, 
physiological condition of the body, stomach fullness at feeding time, feed composition, environmental 
conditions and also possible competition between individuals. Temperature appears to pay a leading 
role in appetite regulation, increasing food consumption when it rises (Russell et al., 1996; Peres 
and Oliva-Teles, 1999a), before plateauing at high temperatures of 28-30°C (Person-LeRuyet et al., 
2004). Appetite may also be influenced by available oxygen concentration (Pichavant et al., 2001) 
and photoperiod (Ginés et al., 2004).

It is thus obvious that reduced feed consumption is not necessarily associated with poor living 
conditions. Likewise, it is important to stress that in their natural environment, fish may spend 
intervals without feeding. As a consequence, reduced food intake does not automatically mean 
that fish welfare is being affected (Caruso et al., 2011; Chatzifotis et al., 2011; Peres et al., 2011; 
Skrzynska et al., 2017). Providing less than the desired amount of feed should nonetheless be avoided 
in intensive rearing conditions, as it can lead to heightened competition between individuals (Goldan 
et al., 2003; Andrew et al., 2004; Papadakis et al., 2016; Oikonomidou et al., 2019) and indirectly 

to reduced welfare. On the other hand, providing more than the required quantity of feed leads to 
producers wasting resources. It is thus necessary to monitor feed delivery and adjust it according 
to fish demands. This is far from easy in practice and has been the object of intensive study, with 
considerable research activity aimed at utilising new technologies in fish farming, such as camera 
monitoring, implementing the internet of things and artificial intelligence. 

Lastly, feed composition may cause fish welfare problems via the emergence of “nutritional diseases” 
such as lipidosis, mainly of the liver (Amar & Lavilla-Pitogo 2004; Caballero et al., 2004), as well as 
deficiencies in vital fatty acids (Montero et al., 2004; Skalli et al., 2006), amino acids, vitamins and 
inorganic elements such as phosphorus (Kousoulaki et al., 2015).

Measurement method

Farms quite often keep data on daily feed supply to fish cages, which can serve as an indication of 
appetite when expressed as a function of the biomass or number of individuals in the population. 
Particularly in instances of hand feeding, when staff provide feed to the point of satiation, these data 
are of especial value in comparing the appetite observed in a cage at a given moment in time. It is 
anticipated that new technologies such as underwater cameras and automatic analysis systems will 
greatly assist in this direction.  

Advantages of indicator

Appetite assessment is an easily measurable and non-invasive indicator which does not require 
specialist staff. Furthermore, it can serve as a direct indication of reduced welfare, prompting more 
thorough inspection to pinpoint and treat the causes. Lastly, it can be utilised as a retrospective 
monitoring indicator for the effect of an operation, since after stress fish show zero or reduced 
appetite for food, the duration of which, in European sea bass, depends on the  severity of the 
operation (Rubio et al., 2010).

Disadvantages of indicator

The two basic weaknesses of this indicator are the fact that appetite may be influenced by factors 
other than reduced welfare, and the difficultly in precisely assessing and comparing it to “anticipated” 
or “normal levels”.
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4.6 |   Body Growth

Body growth is a commonly used indicator, as a healthy fish that feeds properly is expected to 
increase in size. As in the case of nutrition, body growth may be affected by several parameters other 
than poor welfare conditions; growth directly depends on the genetic origin of stock, developmental 
stage, temperature and the fish’s physiological condition. 

Nevertheless, factors capable of negatively impacting body growth do exist. Among these, water 
quality (Pichavant et al., 2001; Cadiz et al., 2018a; Yilmaz et al., 2020), feed delivery method and 
nutritional value (Montero et al., 2004; Skalli et al., 2006; Kousoulaki et al., 2015), stress (Rubio 
et al., 2010; Samaras et al., 2018b), rearing density (Sammouth et al., 2009; Santos et al., 2010; 
Sánchez-Muros et al., 2017; Araújo-Luna et al., 2018; Carbonara et al., 2019b) and health have 
a considerable effect on fish growth. Reduced body growth rate should serve as an indication to 
producers to thoroughly investigate, in combination with other welfare indicators, whether and to 
what extent fish are encountering poor living conditions.

Measurement method

In farmed fish, body growth usually refers to increases in body weight and, to a lesser degree, body 
length. There are several ways of expressing body growth, the most commonly employed one being 
“specific growth rate” (SGR%), which gives the percentage increase in weight per day over a fixed 
time interval. Reliable weight data are required at all events; obtaining them using normal sampling 
measurements is difficult in instances where thousands of fish are being raised in floating cages. New 
technologies to assess weight using non-invasive measurement methods such as submersible camera 
drones with appropriate software have been developed in recent years and are expected to be piloted.

Advantages of indicator

Growth is an indicator already being monitored at many fish farms. Reduction in growth rate may be 
associated with reduced welfare, thus serving as a direct warning sign.

Disadvantages of indicator

As mentioned, assessing this indicator reliably and in a manner truly representative of the entire 
population is difficult in rearing conditions with thousands of fish in floating cages. Furthermore, 
assessing whether and to what degree the observed fish growth rate is low requires data from previous 
years in every area for comparative monitoring purposes. 

4.7 |    Respiration rate

Oxygen demands increase when organisms are under stress. This may be reflected in a rapid increase 
in respiration rate. In particular, breathing rate is used as an easily observable stress indicator in fish 
(Poulton et al., 2017; Spiga et al., 2017). Of course, respiration rate does not only change under stress 
conditions; it may also reflect alterations in environmental conditions such as temperature, salinity 

and available oxygen (Dalla Via et al., 1998; Claireaux and Lagardère, 1999), as well as an animal’s 
nutritional state and energy demands (Peixoto et al., 2016).

Measurement method

Assessing this indicator involves recording the number of respiratory movements of the opercular 
bone per unit of time. Accurately quantifying it is difficult in fish farming conditions; it is more 
easily approximated by farm staff as a comparative estimation of respiration rate during daily routine 
practices, with marked increases in it being used as an advance warning for more detailed monitoring 
of other finer indicators. More accurate assessment of the indicator can be carried out at laboratory 
level, via individual measurements. At all events, when measuring either accurately or relatively it is 
vital that the fish be in a calm state, showing little movement.

Advantages of indicator

Respiration rate is an important indicator in welfare assessment, which can be regularly monitored 
by farm staff during routine practices. It is cost free.

Disadvantages of indicator

Accurately recording is difficult in farm conditions with thousands of fish per cage. Doing so requires 
individually monitoring animals, though this practice is anticipated to cause stress and, by extension, 
an increase in respiration rate. It is also affected by several parameters such as natural, seasonal 
temperature increases, and does not always imply a deterioration in living conditions.

4.8 |    Maturation and spawning

This indicator mainly concerns two types of rearing: brood stock and fish farmed for sale as high 
commercial weight class products. 

Particularly in the case of brood stock management, a series of practices may negatively impact 
welfare. The main ones carried out in brood stock units are:

1.	 Individual fish tagging (especially in genetic selection programmes).
2.	 Exerting light pressure on the abdominals walls (stripping) and/or biopsies to determine 

sex/gonad maturation stage.
3.	 Alteration in environmental parameters, mainly photoperiod and/or temperature, for out-of-

season egg production.
4.	 Hormone therapy to induce spawning.
5.	 Genetic selection.
6.	 In the case of gilthead sea bream, changes in social relations by adding younger males to 

stock.

Broodfish stocks are often marked with individual PIT (Passive Integrated Transponder) tags for 
individual identification purposes. This practice is particularly widespread in stocks used in genetic 
selection programmes, and where brood fish are selected on the basis of their genetic and phenotype 
characteristics. It should be carried out under anaesthesia. 
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Whenever necessary, sex ratio monitoring is carried out by 
checking the percentage of individuals that release milt 
during stripping. Gilthead sea bream show a peculiarity with 
regard to this characteristic, since as a protandrous species 
they initially mature as males, with sex inversion to female 
being observed in certain individuals from the second and, in 
the main, third year of life. The technique should be carried 
out under anaesthesia. 

More detailed monitoring of reproductive maturation can 
additionally be carried out via hormone analysis (following 
blood sampling) as well as biopsies, mainly on female 
individuals, so as to accurately record gonad maturation stage. Recording this indicator is important 
because sexual maturation may trigger behavioural changes, particularly in spawning periods, during 
which husbandry practices should be changed accordingly so as to avoid unnecessary disturbances to 
fish.

Changes to photoperiod and/or temperature are commonly used to induce out-of-season egg laying 
(Carrillo et al., 1989; Mañanós et al., 1997; Kissil et al., 2001). Both the method and intensity of 
photoperiod changes and the quality of lighting used can also impact animal welfare, e.g. due to 
growth and feed consumption (Kissil et al., 2001; Ginés et al., 2003).

The use of hormone therapies to induce and synchronise maturation and spawning is likewise 
common (Zohar and Gordin, 1979; Mylonas et al., 2003). This involves operations such as catching, 
exposure to air and anaesthesia. It follows that supplementary monitoring of other welfare indicators 
as described above is also necessary. Lastly, once the procedure is completed, maturation stage and 
successful or unsuccessful spawing are monitored and recorded. 

Genetic selection programmes aimed at improving growth rate and/or disease resistance may also 
present a challenge for animal welfare warranting further study (Hastein, 2004; Humane Society 
International, 2012). Furthermore, selection for desired characteristics may lead to co-selection of 
undesirable traits with an impact on the welfare of offspring. 

Since gilthead bream is a hermaphrodite protandrous species, in which sex is also influenced by social 
parameters, the entry of young males into stock may alter social balances, leading to an increase in 
sex inversion in older male individuals (FAO, 2005). Furthermore, the existence of more females 
delays sex inversion in younger males.

Finally, it is worth noting that techniques that cause polyploidy or sterility are not employed in Greek 
aquaculture. These are aimed at improving growth rate but are also accompanied by challenges to 
animal welfare (Hastein, 2004).

Measuring method

The commonest way of monitoring sex in mature reproductive individuals is by recording the 
proportion of them that secrete milt following stripping. More detailed examination can be carried out 
by laboratory analyses such as biopsies or hormone tests. Furthermore, correctly assessing the practices 
implemented on brood fish involves parallel measurement of other indirect (e.g. environmental) and 

biological indicators (such as growth, behaviour, health), detailed description of which is provided 
in Chapter 6.

Advantages of indicator

Knowledge of the reproductive maturation stage is important, as it may determine the husbandry 
practices to be implemented for a population, particularly during spawning periods.

Disadvantages of indicator

Prompt tracking of reproductive maturation is difficult without recourse to detailed, high cost 
laboratory testing.

4.9 |    Physiological indicators

There is a series of physiological indicators associated with fish welfare, mainly including hormonal, 
biochemical, osmoregulatory and haematological indices (Table 4.1.).

Table 4.1. Physiological welfare indicators.

Physiological indicator categories
Physicochemical

Indicators
Hormonal Biochemical Osmoregulatory Redox Haematological

Cortisol Glucose Osmotic Pressure Muscle pH Haematocrit
Lactate Blood pH Haemoglobin

Cortisol is considered to be the main stress hormone. Together with the catecholamines adrenalin and 
noradrenalin it regulates an organism’s responses to stress. Unlike catecholamines, which respond 
immediately, in the order of seconds to a few minutes after stress, cortisol is slower acting but longer 
lasting. In particular, maximum blood cortisol concentrations in European sea bass are seen one 
hour after stress, recovering to initial levels in 2 hours, while in gilthead bream maximum levels are 
seen over the interval 0.5-2 hours, recovering 4 hours later (Fanouraki et al., 2011). In addition, 
since cortisol also regulates other responses such as energy redistribution and osmoregulation, it 
is regarded as a highly reliable indicator of acute stress (Ellis et al., 2012). On the other hand, it is 
not considered a reliable indicator of chronic stress, as it appears to remain stable under protracted 
poor living conditions (Tort et al., 1996; Rotllant et al., 2000b; Barton et al., 2005; Di Marco et al., 
2008; Lupatsch et al., 2010; Santos et al., 2010; Samaras et al., 2018b), but shows an inability to 
respond naturally following an additional acute stress event (Di Marco et al., 2008; Lupatsch et al., 
2010; Santos et al., 2010; Samaras et al., 2018b). Cortisol may also be affected by environmental 
parameters, e.g. it is positively correlated with temperature (Pascoli et al., 2011; Samaras et al., 
2018a): such changes occur as processes whereby the organism prepares to respond to the increased 
energy demands made by high temperature, and are not necessarily directly associated with poor 
living conditions (Samaras et al., 2018a).
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Increase in catecholamine and cortisol concentration leads to elevated concentrations of glucose via 
gluconeogenesis (i.e. glucose production from non-carbohydrate compounds) and glycogenolysis (i.e. 
the breakdown of glycogen), respectively (Mommsen et al., 1999; Barton, 2002). Glucose is thus also 
a reliable indicator of acute stress, showing slower and longer-lasting response to stress than cortisol 
(Fanouraki et al., 2011; Samaras et al., 2016, 2018a). More specifically, maximum blood glucose 
concentrations in European sea bass are observed 1-2 hours after stress, with recovery to initial levels 
in 24 hours, while in gilthead sea bream highest response is seen in 2 hours, and recovery in 8 hours 
(Fanouraki et al., 2011). On the other hand, blood glucose concentrations are affected by nutritional 
state, since they show elevated levels for 3-6 hours after a meal in European sea bass, and 1-3 hours in 
gilthead sea bream, with recovery to previous levels after 12 hours in both species (Peres and Oliva-
Teles, 1999b; Peres et al., 1999; Robaina et al., 1999). Although generally speaking both species are 
considered capable of maintaining glucose concentrations within a narrow range via homeostatic 
mechanisms, e.g. by storing excess carbohydrates in glycogen, the qualitative composition of feed 
may also bring about minor changes in glucose (Enes et al., 2011). Lastly, in correctly assessing the 
indicator it should be borne in mind that blood glucose concentrations are affected by environmental 
parameters such as temperature (Samaras et al., 2016, 2018a; Papaharisis et al., 2019). 

Lactate is also an acute stress indicator, particularly as regards that involving intense muscle 
activity. Lactate is the end product of anaerobic metabolism, which occurs when activity is intense 
and continuous, and needs cannot be catered for by aerobic metabolism. After acute stress, lactate 
concentration rapidly increases as early as 30 minutes after stress, recovering to normal levels in 4 
hours (Fanouraki et al., 2011). It thus constitutes a reliable indicator for operations that provoke 
muscle activity (e.g. increased swimming activity and/or acceleration). Furthermore, increases in 
blood lactate concentration may be observed in situations where oxygen saturation is low (Magnoni 
et al., 2017; Martos-Sitcha et al., 2017; Cadiz et al., 2018a), as meeting energy demands via aerobic 
metabolism is more difficult.

Lactate accumulation in muscle leads to it being released into the blood, resulting in a drop in both 
muscle and blood pH (Milligan, 1996; Samaras et al., 2016). For that reason, lactate concentration 
both in blood and in muscle pH is often used to assess the effect of harvesting methods on the stress 
caused to fish, time to onset of rigor mortis, flesh quality and on product preservation time (Trocino 
et al., 2005; Bagni et al., 2007; Matos et al., 2010; Papaharisis et al., 2019).

The osmotic pressure of serum or plasma is also regarded as a highly reliable indicator of acute stress, 
as well as of an individual’s overall physiological condition. In a hypertonic environment such as 
sea water (approx. 1.000 mOsm kg-1) fish must actively maintain their osmotic balance (320-380 
mOsm kg-1 for both species studied here) by consuming energy. Organs such as the skin, kidneys, 
gut and especially the gills participate in maintaining this balance, while cortisol is one important 
hormone contributing to it (Mommsen et al., 1999). Any sudden change in water salinity causes 
serious problems for osmotic regulation and can lead to death (Cataudella et al., 1991; Marino et 
al., 1994; Mabrouk and Nour, 2011). A fish’s physiological state may affect its capacity to regulate 
osmotic pressure, e.g. when fasting, which leads to osmoregulatory inability following changes in 
salinity (Sinha et al., 2015).

Haematocrit and haemoglobin are haematological indicators that reflect the blood’s oxygen carrying 
capacity. The haematocrit describes the volume taken up by red blood cells as a percentage of total 
blood volume. Defining the ranges of normal haematocrit and haemoglobin levels is difficult, since 
beyond the individual’s physiological state they are also affected by environmental parameters such 
as temperature, photoperiod and oxygen (Lupi et al., 2005; Pascoli et al., 2011; Samaras et al., 2016; 
Fazio et al., 2018), as well as stress (Fazio et al., 2015; Samaras et al., 2016). Generally speaking, 
scientific literature reports haematocrit levels of between 30-50% for healthy, unstressed individuals 
of both species (Pavlidis et al., 1997; Caruso et al., 2005; Lupi et al., 2005; Pascoli et al., 2011; Fazio 
et al., 2015, 2018; Samaras et al., 2016). 

Measurement method

Assessing the concentrations of cortisol, glucose, lactate, osmotic pressure, haematocrit and 
haemoglobin requires blood sampling. Glucose, lactate, haematocrit and haemoglobin measurements 
can be carried out on total blood using portable measuring devices, following careful evaluation, and 
hence are not considered to be exclusively laboratory-based indicators. On the other hand, measuring 
cortisol and osmotic pressure calls for specialist equipment and trained staff, and are laboratory-
based indicators. Measuring muscle pH involves killing fish and taking readings using a pH meter 
with special sensors for measuring the pH of flesh. With the appropriate equipment it can be assessed 
outside a laboratory. 

Advantages of indicator

Cortisol, glucose, lactate and osmotic pressure indicators accurately depict an organism’s response to 
acute stress situations. On the other hand, haematological indicators are highly useful in assessing an 
individual’s physiological state and health. Furthermore, biochemical and haematological indicators 
are inexpensive and can be measured outside a laboratory, even at floating pens in the sea.

Disadvantages of indicator

Almost all of the abovementioned indicators are affected by environmental parameters. Defining 
normal ranges is thus difficult, making it necessary to compare concentrations before and after 
operations. Cortisol and osmotic pressure are more costly to measure (equipment outlay in the case 
of osmotic pressure) and require laboratory analysis by specially trained staff. Measuring muscle pH 
involves killing animals.

4.10 |    Behaviour

Behaviour is hard to measure as an indicator, but one of especial importance in some operations. Thus, 
when fish are stressed by an external stimulus they are likely to display “panic behaviour”, which 
is mainly observed in European sea bass. In such cases the fish make vigorous, rapid movements in 
indeterminate directions, and may attempt to exit the water. Injuries are common in this context, as 
fish may collide with each other or with cage nets or tank walls. It is important to record behaviours 
of this type when carrying out operations such as crowding, netting and transport.

Apart from the above, displays of aggression and competition are one further behaviour that may 
reflect poor welfare conditions. In the two species under study, behaviours of this type most often occur 
during feeding; the competition that then arises may be indirect, due to some fish reacting faster and 
more intensely to feed delivery (scramble competition), or directly expressed via aggression (EFSA, 
2008; Attia et al., 2012). These behaviours are manifested more intensely during periods when feed 
intake is limited (Goldan et al., 2003; Andrew et al., 2004; Papadakis et al., 2016; Oikonomidou et 
al., 2019), thus indirectly reflecting poor welfare conditions.
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Measurement method

This indicator is usually recorded via visual observation. There are currently no measurable assessment 
systems for “panic behaviour”, which can thus simply be recorded as “present” or “absent”. Aggression 
and competition are measurable behaviours in laboratory conditions (e.g. number of aggressive 
behaviour displays per unit of time), but are difficult to quantify in rearing conditions in fish cages. 

Advantages of indicator

An important indicator for monitoring the soundness and severity of a husbandry practice.

Disadvantages of indicator

In the case of “panic behaviour”, the indicator can only be recorded as “present” or “absent”. 
Competition and aggression, on the other hand, are extremely difficult to measure in floating fish 
cages.

4.11 |    Summary

•Biological welfare indicators provide valuable information on the state of fish. They are divided 
  into two broad categories: those examined in the field; and those examined in the laboratory, as they 
  necessitate the use of specialist equipment.

•Different indicators vary from others in terms of measurement method and certain advantages and    
  disadvantages. For that reason, concurrent assessment of more than one indicator is often required 
  to gain a fuller picture of welfare conditions.

•Several of the field indicators (e.g. mortality, feed consumption) are recorded by fish farm staff 
  while carrying out routine procedures and constitute the most direct assessment of fish welfare.

•Certain indicators (e.g. lower than expected appetite for food or rapid respiration rate) may serve as 
  rapid warnings, and should be followed by detailed examination of other, more accurate indicators.

•Wherever the need arises for detailed recording of an operation’s effects on fish welfare, more  
   accurate field indicators such as glucose and lactate blood concentration or even laboratory indicators  
  such as blood cortisol concentration should be used.

5 | Operational and Laboratory-based Welfare Indicators (OBWIs   
          and LABWIs)

The purpose of operational welfare indicators is to provide a simple, reliable and prompt assessment 
of the welfare conditions of farmed fish. In most cases it is necessary to use more than one indicator 
to draw safe conclusions on fish condition. By way of illustration, during transport it is vital to 
monitor a series of environmental indicators such as oxygen saturation, as well as biological ones 
such as mortality, behaviour and respiration rate.

As regards use, indicators can be subdivided into:

(i)	 simple operational indicators not involving fish handling
(ii)	 more specialised operational indicators involving fish handling and 
(iii)	 indicators requiring laboratory equipment (Figure 5.1.).

An additional distinction can be drawn between:

(a) indirect (environmental) indicators, such as oxygen and salinity, and 

(b) biological indicators concerning the animals themselves, such as health, behaviour and 
physiological indicators.An additional distinction can be drawn between:

Furthermore, with regard to availability and implementation capacity, indicators are divided into:

(i)	 available Operational Indicators, 
(ii)	 available Laboratory-based indicators, 
(iii)	 available but not commonly used indicators and
(iv)	 indicators in development. 

Examples of these indicators are given in Table 5.1., with emphasis on categories (iii) and (iv), as 
the remaining ones were analysed in detail in chapters 3 and 4. The uncommonly used indicators 
concern those for which there are no reference limits vis-à-vis the developmental stage, environmental 
conditions and clinical picture of fish that enable conclusions to be drawn on their welfare condition.

In some cases, assessment of one environmental indicator alone (e.g. low oxygen) may suffice to 
lead to a decision (give oxygen). Nevertheless, there are cases where further investigation of more 
detailed indicators (e.g. blood sampling) or even laboratory analysis (cortisol count) is called for in 
assessing fish condition.
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Decision  

Decision  

Sufficient information
Insufficient information

 

  
  

 

 

 

 

LEVEL 1   

Sufficient information

Decision  

Insufficient information

LEVEL 2  

 

LEVEL 3  

Operational indicators 
involving recording of 

environmental parameters 
or fish observation

Examples
-Physicochemical properties of water
-Visual observation of fish

Advantages                           Disadvantages
- Easily, directly                - Subjective assessment
measurable

Operational indicators 
involving

animal handling

Laboratory indicators
requiring sampling by 

trained staff and
analysis in a remote 
specialist laboratory

Examples
Weight meausrement
Injury recording
Blood sampling

Advantages                                  Disadvantages

- More information                   - Time-consuming
- Assess fish’s                               - Specialist staff                      
biological status                   - Increased cost

Examples
- Health status diagnosis
-Analysis of biochemical             - physiological parameters

Advantages       Disadvantages
- More accurate information      - Time-consuming
- Evaluates biological status        - High cost
of fish as regards clinical             - Specialist staff 
biochemistry / pathology             and infrastructure

Table 5.1. Summary presentation of indicators by type, availability and implementation capacity.

Available Operational 
Indicators

Available Laboratory 
Indicators

Non-used Indicators Future indicators in 
development

Temperature Health Biochemical profile 
(cholesterol, proteins etc.)

Precise recording of 
behaviour (swimming, 
distribution in space)

Oxygen saturation Cortisol levels
Electrolyte profile 

(potassium, sodium, 
calcium etc.)

Molecular

Salinity Glucose levels Liver / kidney function Genomic

Rearing density Blood levels
Precision aquaculture 

(sensors, artificial 
intelligence etc.)

Mortality Osmotic pressure
Growth

Nutrition
Injuries

6 | Detailed presentation of Welfare Indicators by production  
          stage and husbandry practice

6.1 |    Assessing Operational Welfare Indicators by production stage

6.1.1 |  Brood fish

Brood fish are reared in land-based installations, so that environmental rearing and reproductive 
conditions can be controlled, and animals can be handled. Brood stock management presents challenges 
different from fish rearing for production in floating fish cages. The two main peculiarities concern: 
(i) rearing technology (covered, land-based tanks using open or closed-circuit systems) and (ii) the 
operations undertaken to identify sex and monitor 

	

	

	

Figure 5.1. How indicators are used in welfare assessment and decision making (Adapted from 
Noble et al., 2018).
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Challenges to welfare

Brood fish represent a small percentage of the entire population reared in aquaculture. As they 
are reared in land-based installations, there are some parameters that may represent a challenge to 
welfare.

•	 Environmental parameters of water. Rearing water quality is of primary importance for fish 
welfare. As brood fish are reared in land-based installations with open or (during vitellogenesis/
egg laying periods) closed water circulation systems (very often using boreholes), several of the 
parameters may change differently and/or more markedly than in the sea. Water temperature, 
oxygen and pH must thus be monitored and adjusted where necessary to secure optimal conditions.

•	 Stocking density. As in any rearing system, stocking density is an important husbandry parameter 
in fish wellbeing. In addition, as broodfish are usually large-sized and may show behavioural 
changes during spawning periods, both density and stocking volume demands differ from those 
at other stages in the production cycle.

•	 Tank operations. Everyday operations in tanks such as cleaning and routine measurements may 
impact fish welfare. In particular, reduced appetite for food following tank cleaning has been 
observed in European sea bass (Rubio et al., 2010).

•	 Hygiene. Since rearing water derives from installations outside the farms, usually via boreholes, 
particular attention must be paid to hygiene. Mechanical and antimicrobial filters should be used 
for biosecurity and hence stock welfare.

Apart from the above, a number of practices carried out on brood fish may negatively impact fish 
welfare. These include:

•	 Individual fish tagging. Individual fish tagging only concerns a small percentage of fish used 
in genetic selection programmes, and so a very low percentage of the total fish used in Greek 
aquaculture. Thus, any fish requiring individual identification are fitted with PIT (Passive 
Integrated Transponder) tags. The tagging process involves practices such as crowding, catching, 
exposure to air and tag implantation, usually hypodermically in the abdominal area. Reading the 
transponder is also a process involving many of the aforementioned practices.

•	 Abdominal massage (stripping) / biopsies to determine sex / maturation stage. Procedures for 
determining sex and maturation stage in brood fish include stripping, i.e. abdominal massage 
to release milt, where present, plus biopsies to identify female individuals and enable detailed 
laboratory monitoring of maturation stage. Theenvise practices raise issues that must be monitored 
using welfare indicators, as they include crowding, catching, exposure to air, possibly anaesthesia 
and, lastly, handling itself.

•	 Altering environmental parameters for out-of-season egg production. Changes in photoperiod 
and temperature to induce spawning are commonly implemented in breeding stations to produce 
out-of-season eggs. Although this technique is considered relatively fish-friendly, possible effects 
on brood stock welfare should be monitored using indicators such as feed consumption, health 
and behaviour.

•	 Hormone therapy. Fish welfare may be affected when hormone therapies are administered to 
brood stocks to induce and synchronise spawning. Thus, operations such as crowding, catching, 

exposure to air, anaesthesia and hormone therapy itself may have marked effects on welfare, 
rendering them high-risk techniques, particularly for biologically and/or commercially valuable 
fish (Mylonas et al., 2004).

•	 Genetic selection. Genetic selection is carried out using current scientific knowledge and strict 
selection criteria to avoid potential undesirable crossbreeding. Nevertheless, possible co-selection 
of undesirable characters may bring about a reduction in fish welfare. In theoretical terms, it has 
also been reported that combining high genetic capacity for growth, feed consumption and use 
may prompt an organism to achieve very high performances, which is deemed unacceptable from 
a welfare point of view. (Hastein, 2004).

•	 Change in social relations. This challenge mainly concerns gilthead sea bream, which is a 
protandrous hermaphrodite species. Inversion or non-inversion of sex in the species is affected 
by social parameters, among other things (Zohar et al., 1978). Thus, young males entering the 
stock may alter social balances, leading to an increase in sex inversion in older male individuals 
(FAO, 2005). Furthermore, the presence of more females delays sex inversion in younger males.

Operational Welfare Indicators in brood fish rearing

Environmental indicators  Biological indicators

 Stock indicators Individual indicators

Oxygen Mortality Health

Temperature Appetite Injuries

Salinity Growth Sexual maturation
and spawning

pH Behaviour  

Stocking density   

Lighting   

Turbidity   
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Environmental indicators

Oxygen saturation. In land-based tanks oxygen saturation must be monitored continually, as 
changes in fish activity (e.g. feeding, stress from routine husbandry practices) or water recycling rate 
may bring about a significant reduction in oxygen. Furthermore, in installations where tanks have 
an external oxygen supply, possible hyperoxia should be monitored for saturations exceeding 100%.

Temperature. Water temperature in land-based tanks may remain constant year-round, e.g. when 
water from boreholes is used, or it may vary either in line with environmental standards or in a 
controlled way for husbandry purposes. At any event temperature must be recorded daily, as sudden 
changes cause welfare problems. In the case of brood fish in particular, temperature adjustments are 
usually made to induce vitellogenesis and spawning. When this takes place, changes should be mild 
– not exceeding a recommended 1°C per day – so as not to cause stress to fish.

Salinity. In land-based tanks supplied by boreholes, it is common for salinity to be lower than in 
the sea. Although this is not anticipated to pose problems for the welfare of European sea bass or 
gilthead sea bream, water must be monitored for potentially marked changes in salinity. Fluctuations 
of this type negatively impact fish welfare and, in extreme instances, may even lead to mortality. In 
that context, especial attention should be paid during the transportation of brood fish from the sea 
to land-based installations, such as when adding new individuals to the breeding nucleus of selection 
programmes, so they are not subjected to acute and marked changes in salinity.

pH. According to the EFSA report (2008), water pH should be lower than 6.5 or higher than 8.5. As 
with salinity, it is important to avoid sudden changes in pH level, which may be seen at tank outflow 
points. For that reason, in common with oxygen, pH should be measured at tank water inflow and 
outflow points. 

Stocking density. Stocking density is a rearing parameter determined by producers. High stocking 
densities may lead to reduced welfare due to various factors, whether environmental (e.g. reduced 
oxygen), biological (e.g. injuries) or even social (e.g. uneven feed distribution, limitation of natural 
behaviours). Particularly as concerns brood fish, which are usually large-sized animals, care should 
be taken not only over stocking density, but also over available rearing volume, so as to guarantee the 
free expression of swimming and social behaviours.

Lighting. Lighting (the intensity, quality and variation in the duration of light) is an important 
environmental parameter during stock fish rearing, as it is manipulated to produce out-of-season 
eggs. The effects of changes in photoperiod should be monitored together with other supplementary 
biological welfare indicators such as feeding appetite, growth and behaviour. As regards lighting 
quality, in other words intensity and wavelength, ideal conditions for brood stock rearing in tanks 
remain unclear. 

Turbidity. Water turbidity refers to the presence of suspended, colloidal or dissolved matter. It 
may cause or be an indication of problems in other parameters, such as reduced oxygen or elevated 
bacterial density in water. It should be monitored accordingly and, when deemed necessary, further 
environmental indicators should be examined to pinpoint the problem.

Biological indicators

Mortality. Mortality is potentially the final stage of poor living conditions. It should be recorded 
daily, with supplementary indicators being monitored whenever unanticipated increases in mortality 
rate are observed, so as to determine the cause. 

Appetite. This is a reliable indicator in promptly establishing that living conditions have deteriorated. 
Particularly in rearing conditions where environmental conditions such as temperature and oxygen 
saturation are controlled and stable, unanticipated loss of appetite can serve as a warning for 
thorough monitoring of additional indicators. It has the advantage of not requiring animal handling 
and sampling.

Growth. Unanticipated reduction in body growth is also an indication of poor living conditions 
worthy of further investigation, particularly as regards health. Of course, assessing growth requires 
repeated weight sampling, which in itself has a negative effect on welfare and is usually avoided in 
broodfish stocks.

Behaviour. The manifestation of normal swimming behaviour should be monitored, and any 
aberrations such as “panic behaviours” should be recorded. Furthermore, in good living conditions 
there should be no displays of competition and aggression between individuals. The emergence of 
such behaviours must thus be recorded, and its causes investigated using other indicators.

Health. Fish health should be monitored by sampling on a regular basis, so as to avert situations 
leading to mortality. Some checks such as alterations in appearance, exophthalmia and macroscopic 
monitoring of gill condition can be carried out by farm staff, whereas more detailed analyses demand 
detailed checking by registered veterinary staff. Prompt diagnosis of health problems can contribute 
to their rapid, appropriate resolution, thus averting effects on fish welfare.

Injuries. Injuries to fish raised in land-based installations can occur due to collisions either with tank 
walls or between fish, e.g. during crowding. In particular, injuries can be recorded indirectly in the 
course of such operations, by observing the presence or absence of blood or scales in the water. More 
detailed monitoring requires the fish to be examined individually for injuries to the skull, skin or fins.

Reproductive maturation and spawning. Since brood fish constitute a fish farm’s breeding 
nucleus, their reproductive state should be monitored. This is achieved by invasive methods such as 
stripping, biopsies or ultrasound, the severity of which should likewise be monitored using biological 
indicators. 

6.1.2 |  Pre-growing

Pre-growing is the stage in the production cycle lasting from the end of larval rearing until fish are 
transported to floating fish cages in the sea. During this stage fish are reared in open-circuit tanks 
at land-based installations. The object of this period is to acclimatise fish to commercial feed and 
increase their body weight, so as to prepare them for transfer and rearing in mariculture cages. 

Welfare challenges

As pre-growing takes place in open-circuit land-based installations, a number of parameters may 
present a challenge to welfare. These include:
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•	 Environmental parameters of water. Water quality is 
of primary importance to fish wellbeing. As rearing occurs 
in tanks, many of the environmental parameters such as 
temperature, oxygen and lighting can be regulated and 
determined by producers. Others, such as salinity and pH, are 
characteristics of the source water (e.g. sea or borehole), and 
hence must be monitored and adjusted where necessary to 
secure optimal conditions.

•	 Stocking density. As in any rearing system, density is an 
important husbandry parameter for fish wellbeing. High stocking densities may both negatively 
impact fish growth and provoke injuries.

•	 Tank operations. Everyday operations in tanks such as cleaning, feeding and routine measurement 
may impact fish welfare. 

•	 Fish operations. Various operations are carried out during the pre-growing stage, including 
transfer from the hatcheries where larval rearing takes place to pre-growing installations, 
grading to ensure uniform size distribution, and veterinary procedures such as vaccination. These 
operations in themselves are practices thoroughly analysed in terms of their effects on welfare 
below (Chapter 6.2.).

•	 Health. Since rearing water derives from installations outside the farms, usually via boreholes, 
particular attention must be paid to hygiene. Mechanical and antimicrobial filters should be used 
for biosecurity and hence stock welfare.

Operational Welfare Indicators during pre-growing

Environmental indicators  Biological indicators

 Stock indicators Individual indicators

Oxygen Mortality Health

Temperature Appetite Injuries

Salinity Growth Respiration rate

pH Behaviour  

Stocking density   

Lighting   

Turbidity   

 

Environmental indicators

Oxygen saturation. Oxygen should be monitored constantly and adjusted where necessary so 
as to remain at optimal rearing levels. Changes in fish activity (e.g. feeding, stress from routine 
husbandry practices) or water recycling rate may lead to a significant drop in oxygen. Furthermore, 
in installations where tanks have an external oxygen supply, possible hyperoxia should be monitored 
for saturations exceeding 100%.

Temperature. Temperature is a significant factor in fish growth rate. Water temperature in land-
based tanks may remain constant year-round, e.g. when water from boreholes is used, or it may vary 
either in line with environmental standards or in a monitored way for husbandry purposes. Both 

species studied here have wide temperature tolerance ranges, 
so a more important role is played by the avoidance of sudden 
temperature changes, which cause welfare problems. Especial 
attention should thus be paid to possible water temperature 
differences between the hatchery and pre-growing when fish 
are being transferred. Temperature should also be monitored 
constantly throughout rearing for potential unforeseen 
changes.

Salinity. When water from boreholes is used, it is common for 
salinity to be lower than that in the sea. This is not anticipated 
to present a problem for the welfare and vigour of European 

sea bass and gilthead sea bream during pre-growing (Laiz-Carrión et al., 2005); there are even reports 
of better growth in low salinities at this stage (Eroldoǧan and Kumlu, 2002). As in the case of 
temperature, sudden changes in water salinity are to be avoided, as in extreme cases it may lead to 
mortality.

pH. According to the EFSA report (2008), water pH should be no lower than 6.5 and no higher 
than 8.5. pH is one characteristic of water that is not anticipated to change markedly in open-circuit 
systems. Nevertheless, in properly monitoring water quality pH should be recorded at tank water 
inflow and outflow points.

Stocking density. Stocking density is a rearing parameter determined by producers High stocking 
densities are anticipated to negatively impact fish growth, and may lead to reduced welfare due to 
various factors, whether environmental (e.g. reduced oxygen), biological (e.g. injuries) or even social 
(e.g. uneven feed distribution, limitation of natural behaviours).  

Lighting. In instances where artificial light is used during pre-growing, its intensity, quality (spectrum) 
and photoperiod may affect fish welfare, though ideal conditions remain unclear. These features are 
usually peculiar to the infrastructure at installations, and are not anticipated to vary during rearing. 

Turbidity. Water turbidity refers to the presence of suspended, colloidal or dissolved matter. It 
may cause or be an indication of problems in other parameters, such as reduced oxygen or elevated 
bacterial density in water. It should be monitored accordingly and, when deemed necessary, further 
environmental indicators should be examined to pinpoint the problem.

Biological indicators

Mortality. Increased mortality is an indicator of poor living conditions. It should be recorded daily 
during feeding, as well as after operations such as transport, sorting etc. Any unanticipated increase 
in mortality rate should act as a warning sign for the monitoring of supplementary indicators, so as 
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to establish the cause. 

Appetite. Reduced appetite is a potential indicator that living conditions have deteriorated. Where 
environmental and husbandry conditions remain stable, reduced feeding appetite is warning that 
other indicators such as health should be monitored. As an indicator, it has the advantage of not 
requiring animal handling or sampling.

Growth. Lower than anticipated body growth is also an indicator of poor living conditions meriting 
further investigation, especially as regards health disorders in fry. Of course, assessing growth requires 
repeated weight sampling, which negatively impacts welfare.

Behaviour. Deviations from natural swimming behaviour should be monitored. Under normal 
conditions there should be no observable competition or aggression between individuals, particularly 
after sorting to normalise size distribution. Any appearance of behavioural deviations should be 
recorded, and causes monitored using other indicators.

Health. Fish health should be monitored by sampling on a regular basis to avert situations causing 
mortality. Furthermore, various veterinary procedures such as vaccinations are carried out in the pre-
growing stage, the effects of which should be monitored using other indicators.

Injuries. Injuries can occur to fish during pre-growing either due to collisions with tank walls during 
rearing, or husbandry practices such as transport and sorting. In particular, injuries can be recorded 
indirectly in the course of such operations, by observing the presence or absence of blood or scales 
in the water. More detailed monitoring can be carried out by examining fish individually for injuries 
to the skull, skin or fins.

Respiration rate. Respiration rate can be used as a non-specialised, non-invasive stress indicator 
when carrying out stress-inducing husbandry practices. In particular, increase in respiration rate may 
result from stress, which should be recorded for retrospective assessment of handling.

6.1.3 |  On-growing

In Greek aquaculture, almost all European sea bass and gilthead sea bream production is carried 
out in floating pens in the sea. Fish spend the greater part of their life in this environment up until 
harvesting and killing. It is an environment typified by the stability of certain factors such as salinity 
and pH, as they are characteristics of the sea that do not vary markedly but also present many 
challenges, such as seasonal changes in temperature and oxygen, infections and parasite infestations, 
as well as stress-inducing operations.  

Welfare challenges

•	 Environmental parameters of water. When rearing fish in floating cages in the sea, water 
quality is determined by environmental conditions. Salinity and pH are relatively stable in most 
cases, whereas parameters such as temperature and oxygen show seasonal variation. Oxygen 
in particular may be a limiting factor on growth and fish welfare in the summer months, even 
leading to the emergence of mortality. 

•	 Stocking density. As in any rearing system, density is an important husbandry parameter for 
fish wellbeing. High stocking densities may negatively affect fish growth and the emergence of 
injuries and illnesses. Apart from stocking density, especially in cages where thousands of fish 
are reared together, “available space” or the rearing volume available for fish to display natural 
swimming and social behaviours is of particular importance for their welfare. 

•	 Cage operations. A series of operations carried out in cages may negatively affect welfare, such 
as net changes, diving work or cage transportation. 

•	 Fish operations. Various operations are carried out on fish during the on-growing stage in 
cages, such as crowding for handling or sampling, transport, treatments and, finally, harvesting 
and killing. All of these operations may have a negative impact on fish welfare and should be 
monitored using both indirect and biological indicators. Assessment methods for these practices 
are further analysed in a subsequent chapter (Chapter 6.2.).

•	 Hygiene. The marine environment teems with organisms of potential harm to fish. In intensive 
rearing conditions with thousands of fish living together in a small volume, disease and parasite 
outbreaks may occur. It is thus necessary to take preventive measures such as vaccination and 
regular health monitoring for prompt disease diagnosis. Maintaining hygienic conditions is 
likewise extremely important to prevent external pathogens spreading to farmed populations.
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Operational Welfare Indicators during on-growing

Environmental indicators

Oxygen saturation. Oxygen saturation is only likely to be low in certain situations, as the sea in 
areas where aquaculture farms are located is not expected to be hypoxic. Thus situations such as 
diameter reduction or total occlusion of cage mesh due to improper cleaning, high stocking densities, 
high temperature leading to a reduction in the oxygen-bearing capacity of water or a combination of 
all of the above will result in a drop in oxygen saturation. In extreme cases over the summer months, 
this may even lead to the emergence of mortality. Oxygen should thus be monitored systematically, 
and all preventive measures taken to avert deficit situations.

Temperature. Water temperature is a markedly seasonal environmental parameter. It greatly affects 
fish growth, activity, behaviour and physiology. Producers have no control over this parameter 
in cages, so constant recording and monitoring is required in properly managing fish needs. It is 
important for measurements to be taken from different depths in cages, as temperature may vary 
with depth.

Salinity. Salinity is not anticipated to have a significant impact on fish welfare during on-growing in 
the sea, as it generally stable, with slight variations mainly due to heavy rainfall.

pH. Like salinity, pH rarely causes problems for fish welfare, as it is not anticipated to vary significantly, 
except in cases of poor water circulation due to improper net cleaning. 

Stock indicators Individual indicators

Health

Injuries

Respiration rate

Haematocrit and haemoglobin
levels in blood

Glucose and lactate
levels in blood

Cortisol level in blood
(laboratory indicator)

Mortality

Appetite

Growth

Behaviour

Turbidity

Lighting

Stocking density

Salinity

Temperature

Oxygen

Environmental indicators Biological indicators  

  

   

   

  

pH 

 

 

  

Stocking density. Stocking density is determined by producers and may affect several rearing 
factors. In particular, high densities are anticipated to negatively affect fish growth, and may lead 
to problems in water quality or the manifestation of natural behaviours in fish, as well leading to 
as injuries. Another important parameter of fish cages is the volume available to fish, as increase in 
available volume has been seen to lead to better welfare conditions (Samaras et al., 2017).

Lighting. The light at fish cages is almost always natural. In such cases, the production process is 
not anticipated to have any impact on welfare. Earlier experimental techniques—which never gained 
widespread acceptance and are no longer in use—implemented changes to photoperiod via artificial 
lighting, so as to prevent early reproductive maturation in European sea bass. In such cases involving 
the use of artificial lighting, it is vital to assess its impact on welfare using other supplementary 
indicators.

Turbidity. Water turbidity refers to the presence of suspended, colloidal or dissolved matter. It is 
rare at sea, but in instances where increased turbidity is observed, fish welfare must be monitored in 
detail using other indicators.

Biological indicators

Mortality. As in previous rearing types, any increase in mortality rates is a sign of poor living 
conditions. Of course, given that there are no published mortality curves for the species under study, 
it is important for comparative analysis to be carried out at every farm on the basis of its own 
mortality history.

Appetite. Systematic monitoring of feed consumed by fish in order to estimate appetite is difficult 
to perform in cages. Feeding is usually carried out using feeding tables, which determine daily 
consumption on the basis of environmental conditions, fish size and the qualitative composition of 
feed. In such cases, reduced feeding can be evaluated indirectly from 
growth.

Growth. In a healthy fish, feed consumption is expected to lead 
to increased body weight. When growth is lower than anticipated 
there may be some problem in fish living conditions, leading either 
to non-consumption of all the feed provided or to unsatisfactory 
conversion efficiency. At all events, problems in fish growth should 
be thoroughly examined using additional indicators, so as to assess 
what is causing them.

Behaviour. Social relations are not expected to be strongly established during rearing in fish cages, 
so stable hierarchies do not emerge. This reduces the likelihood of direct competition and aggression, 
particularly during feeding. Nevertheless, indirect competition over food does exist, as some fish are 
faster than others at reaching feed, where sporadic instances of aggression may also arise. One further 
behaviour that may reflect poor living conditions is swimming. Thus, continuous, systematic display 
of unnatural swimming behaviour such as “panic swimming”, manifested in sudden movements and 
marked changes of direction, shoal fragmentation and the avoidance of swimming in particular areas 
of the cage are indicative of stress, and hence poor living conditions.

Health. Fish health must be monitored by sampling on a regular basis, so as to avert situations leading 
to mortality. Veterinary procedures such as macroscopic examination, vaccination and treatments are 
frequent in this production stage; their impact on welfare should be monitored using other indicators.

Injuries. In the course of rearing in cages, injuries may occur to fish either due to collision with nets 
during rearing or to various other husbandry practices, such as transportation, weight and health 
sampling etc. In particular, injuries can be recorded indirectly in the course of such operations by 
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observing the presence or absence of blood and/or scales in the water. More detailed monitoring 
requires the fish to be examined individually for injuries to the skull, skin or fins. 

Respiration rate. Respiration rate can be used as a non-specialised and non-invasive stress indicator 
when carrying out stress-inducing husbandry practices. In particular, increased respiration rate may 
result from stress, and should be recorded for the retrospective assessment of operations.

Blood haematocrit and haemoglobin levels. Although these indicators require: a) blood sampling 
from fish, and thus a series of stress-inducing operations, such as netting, exposure to air and 
anaesthesia and b) reference values, they are useful in assessing fish vigour. Low haematocrit and 
haemoglobin levels may reflect problems in fish living conditions or health.

Blood glucose and lactate levels. These indicators can be used to assess the severity of husbandry 
practices. For instances, taking samples before a practice such as crowding can assist in assessing the 
stress caused, in terms of both the intensity and the duration of the response. Lactate in particular 
is an indicator associated with muscle activity and is thus useful in instances where operations are 
anticipated to trigger increased activity in fishes. Use of these indicators will be analysed in greater 
depth in the chapter on evaluating individual practices (Chapter 6.2.).

Blood cortisol level. Cortisol is one of the most important hormones involved in regulating stress. 
Thus, in cases where it is necessary to monitor the stress caused by an operation, cortisol is a reliable 
indicator. Analysing it requires special laboratory equipment and trained staff, thus rendering it a 
laboratory indicator. A more analytical presentation of its use is given in the description of assessing 
individual practices (Chapter 6.2.).

 

6.2 |    Assessing Operational Welfare Indicators by husbandry practice

6.2.1 |  Crowding

Crowding is a very frequent practice when managing fish, both in cages at sea and in tanks at 
land-based installations. It is a term used to describe a marked, abrupt increase in rearing volume, 
resulting in large numbers of fish being in a given unit of volume. This practice is combined with and 
usually precedes other practices such as transport, sorting, vaccination and killing. The need for it is 
thus considerable, even though it does pose certain challenges to welfare, often in combination with 
practices aimed at improving welfare, such as vaccination.

In cages, crowding is achieved either by lifting nets completely or by trapping some of the fish in 
smaller areas formed by partial lifting. In tanks it is usually carried out by draining, with or without 
cutting off the inflow water. 

Welfare challenges

•	 Reduction in available oxygen. On account of the increased stocking volume and/or reduced 
volume accompanying crowding, there is a risk that the oxygen available to fish will drop. 
Furthermore, as crowding is a stressful procedure for fish, there is an observable increase in 
oxygen demands to cover metabolic needs, further amplifying the risk arising from the drop in 
oxygen. 

•	 Swimming and behaviour. The swimming behaviour of fish is hindered under crowding 
conditions due to the loss of living space. Contact and fish striking each other as a result of 
crowding may lead to scale loss and/or injuries to fins and skin.

•	 Stress. Abrupt changes in daily stock care and the volume of water available to fish, plus reduction 
in oxygen or prospective injuries are negative stimuli for the animals. Particularly when abrupt, 
crowding is one of the main stress factors for both European sea bass and gilthead sea bream. As 
a typical example, elevated concentrations of cortisol, glucose and lactate in the blood (Rotllant 
et al., 2001, 2003; Guardiola et al., 2016) and reduced muscle pH levels (Bagni et al., 2007) have 
been observed in both species following abrupt, intense crowding.

Ways of reducing the negative effects of crowding

•	 One sound practice widely implemented in Greek aquaculture is to avoid crowding the entire 
population when not necessary, but to crowd a random subsection sufficient to cater for the 
reason why the practice in question is being implemented. Determining the needs of the practice 
from the outset is thus important in assessing the size of population to be subjected to crowding. 

•	 Minimise the duration and intensity of crowding. 

•	 Particularly European sea bass, which is a species sensitive to operations, especial care is required 
when crowding begins, to avert the emergence of “panic behaviours” that result in injuries to fish

•	 As regards reduction in oxygen, where observed, additional oxygen can be supplied during 
crowding.

•	 Particularly in fish cages, creating very shallow pockets where fish can be exposed to air or 
become trapped is to be avoided.

•	 During crowding it is important to monitor the procedure and, where necessary, take the necessary 
steps to modify it on the basis of operational welfare indicators.
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Operational Welfare Indicators during crowding

*Such as swimming behaviour, or dorsal fin seen above water.

Environmental indicators

Oxygen saturation. As oxygen saturation may drop dramatically under crowding conditions, levels 
must be monitored throughout the procedure. As a general recommendation, the EFSA report (2008) 
mentions that oxygen saturation in rearing conditions should not drop below 40%.

Temperature. The temperature at which crowding occurs is important, as fish metabolism, oxygen 
consumption (Claireaux and Lagardère, 1999) and even reference levels for physiological stress 
indicators (Samaras et al., 2018a) depend on it, but also because temperature directly affects oxygen 
saturation in water. Particularly in periods when temperature is high, oxygen saturation is low and 
the energy demands of fish are higher, thus rendering the drop in oxygen even more harmful to them. 

Biological indicators

Mortality. Crowding is not a procedure anticipated to cause mortality. Nevertheless, the number of 
deaths should be recorded where they may occur, both during the procedure and over an interval of 
at least 3 days thereafter, so as to pinpoint possible problems in retrospect.

Behaviour. This refers to the observation of behaviours such as burst swimming or exposing the 
dorsal fin above water. Such behaviours indicate stress, and their appearance is to be avoided.

Injuries. Crowding may cause injuries due to fish striking each other and or cage nets and tank 
walls, which is why the presence of scales, mucus or blood in the water is one indicator of reduced 
welfare. Such injuries may not prove fatal during the procedure itself but are lesions that can lead to 
osmoregulation problems as well as infections. Individual examination of the fish’s external condition 
is a more specific welfare indicator. The commonest injuries occur to the skin, such as loss of scales, 
and to fins, though there may also be damage to the eyes, the snout and the opercular bone. 

Respiration rate. Respiration rate increases both during intense activity and in stress situations. 
Using this indicator initially necessitates assessing respiration rate before crowding, so as to calculate 
the difference, as the rate may be affected by external factors such as temperature and oxygen 
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(laboratory indicator)

Mortality

Behaviour

Injuries

Oxygen

Temperature

Stock indicators Individual indicators

Environmental indicators Biological indicators  

 

   

 *   

 

  

 

saturation. A further difficulty lies in the fact that measuring respiration rate requires the animal to 
be stationary or slow moving.

Blood glucose and lactate levels. These two biochemical indicators reach high levels when an 
animal is under conditions of stress. Lactate in particular is heavily affected by stress, which prompts 
vigorous exercise (movement) in the animal. During crowding, when intense swimming activities are 
seen, both indicators are anticipated to increase. Measuring them does not require special laboratory 
equipment, as they can be gauged with portable instruments. Glucose and lactate show increases in 
both European sea bass and gilthead sea bream from half an hour after stress, though glucose peaks 
at between 2-4 hours and lactate at 1-2 hours (Fanouraki et al., 2011).  Evaluating these indicators 
more properly also involves taking samples before crowding begins, to serve as base levels, as both 
glucose and lactate concentrations are affected by season, nutrition, physiological condition and the 
animal’s developmental stage.

Blood cortisol levels (laboratory indicator). Cortisol is one of the most reliable indicators of acute 
stress. It has emerged that crowding causes a marked increase in cortisol in fish; in European sea bass, 
this increase is seen as early as 6 minutes from crowding (Rotllant et al., 2003). Furthermore, this 
indicator can be used to assess the duration of stress as reflected in the time taken for values to return 
to pre-stress levels. Assessing the indicator requires laboratory equipment and specialized staff.
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6.2.2 |    Transportation

Transporting live fish is a common practice, particularly when moving juvenile fish from nurseries to 
floating rearing pens. During transportation fish are exposed to a series of stress-inducing practices 
such as crowding, both when being caught and, in some cases, when being transferred, caught and 
loaded onto transport facilities, during transportation itself and, lastly, during unloading.  

Welfare challenges

•	 Operations during the procedure: Apart from causing stress to fish, crowding and fish loading 
and unloading operations may also cause injuries and any health problems that result from them. 

•	 Water quality: Water quality may deteriorate during transport, with an observable drop in several 
environmental welfare indicators. Additionally, in periods when rearing water temperature and 
air temperature differ significantly, there may be marked changes that negatively impact welfare.

Ways of reducing the negative effects of transportation

•	 Sound practices should be implemented during operations prior to transportation. New methods, 
such as pumping fish for loading onto transport facilities, can be adopted. 

•	 Deterioration in water quality during transportation should be dealt with. This involves monitoring 
quality indicators and implementing steps such as adding oxygen, changing water etc. to avert 
any deterioration in it.

Operational Welfare Indicators during transportation
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pH  

Environmental indicators

Oxygen saturation. As water is not renewed under transportation conditions, oxygen saturation 
may decrease dramatically. Oxygen levels should thus be monitored during transport and oxygen 
added to the water where deemed necessary. 

Temperature. Rearing water temperature may change significantly during transportation, especially 
when it differs markedly from that of the air. Changes in temperature may cause additional stress to 
fish, leading to elevated oxygen consumption. 

Stocking density. Stocking density must be carefully chosen for transport as high densities may lead 
to more marked deterioration in rearing water quality, particularly as regards the three aforementioned 
indicators.

pH: Water pH may decrease during transport procedures, due to fish metabolism and the lack of 
water renewal.

Biological indicators

Mortality. Transportation is a process that may lead to mortality, as it comprises various distinct 
stress-inducing operations. Any mortalities both during transportation and for some days thereafter 
should therefore be recorded, so as to pinpoint possible problems in retrospect.

Behaviours. Behaviour such as swimming and shoal formation should be monitored both during the 
procedure and for some days thereafter, so as to assess the degree of stress inflicted. Recording the 
time required for feeding to resume once the procedure is completed is another significant parameter. 

Injuries. Both the transportation procedure in itself and loading and unloading in particular may 
cause injuries due to fish striking each other and or cage nets and tank walls, which is why the 
presence of scales, mucus or blood in the water is one indicator of reduced welfare. Such injuries may 
not prove fatal during the procedure itself, but are lesions that can lead to osmoregulation problems 
as well as infections. Individual examination of the fish’s external condition is a more in-depth 
welfare indicator. The commonest injuries occur to the skin, such as loss of scales, and to fins, though 
there may also be damage to the eyes, the snout and the opercular bone.

Respiration rate. Respiration rate increases both during intense activity and in stress situations. 
Using this indicator initially necessitates assessing respiration rate before the procedure, so as to 
calculate the difference, as the rate may be affected by external factors such as temperature and 
oxygen saturation. A further difficulty lies in the fact that measuring respiration rate requires the 
animal to be stationary or slow moving. 

Blood glucose and lactate levels. These two biochemical indicators reach high levels when an 
animal is under conditions of stress. Lactate in particular is heavily affected by stress, which prompts 
vigorous exercise in the animal. Both indicators are expected to increase during transportation. 
Measuring them does not require special laboratory equipment, as they can be gauged with portable 
instruments. Glucose and lactate appear to remain elevated in both European sea bass and gilthead 
sea bream during the course of exposure to new tanks following stress, and up to 4-8 hours thereafter 
(Samaras et al., 2016, 2018a; Jerez-Cepa et al., 2019). Assessing these indicators more properly also 
involves taking samples before the procedure begins, to serve as base levels, since both glucose and 
lactate concentrations are affected by season, nutrition, physiological condition and the animal’s 
developmental stage.

Blood cortisol levels (laboratory indicator). Cortisol is one of the most reliable indicators of 
acute stress. The entire transportation process includes practices such as crowding and netting as well 
as a new environment, etc., which have been shown to cause a marked increase in cortisol in fish 
(Fanouraki et al., 2011; Samaras et al., 2016, 2018b).  Cortisol recovers to pre-stress levels faster 
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than glucose and lactate (Fanouraki et al., 2011; Jerez-Cepa et al., 2019). Assessing the indicator 
requires laboratory equipment and specialised staff.

6.2.3 |    Sorting

Size sorting is a procedure carried out at several stages in the production cycle, so as to create groups 
of uniform size. Sorting is often done in the pre-growing stage, so that the fish can be separated 
into similarly sized groups, mainly to improve living conditions for smaller-sized fish, though also 
for better feed delivery. Sorting may also occur during vaccination and the provision of veterinary 
services, as well as during harvesting, particularly with electrostunning devices. As a procedure it 
involves various operations such as crowding, catching, exposure to air during sorting, as well as 
transfer to the new rearing medium. Attention must thus be paid to the distinct practices comprising 
it.

Welfare challenges

•    Operations during the procedure: The operations carried out during the procedure such as 
crowding, catching and exposure to air cause stress in fish, and may additionally lead to injuries and 
potential health problems.

•      Sorting process: Although size sorting devices are constructed to prevent injury, incorrect use of 
them may lead to injuries, mainly to the skin, skull and fins.

Ways of reducing the negative effects of sorting

•	 Sound practices should be implemented before, during and after operations.  

•	 The surfaces used for sorting fish must be wet, without protrusions or rough sides that could 
injure the animals. 

   

Operational Welfare Indicators during sorting

Environmental indicators

Oxygen saturation. As described in detail in the section on crowding (6.2.1.), oxygen saturation 
should be monitored in the course of operations on fish.

Temperature. Water temperature should be monitored both where crowding occurs and in the new 
medium where fish are to be placed, avoiding exposure to marked differences in temperature.

Stocking density. The density created by crowding prior to sorting should be monitored, so as 
not to reach the point where parts of fish are above water or there is a dramatic reduction in their 
swimming behaviour.

Biological indicators

Mortality. As in any procedure, low mortality rates may be observed during sorting or thereafter. 
Records of them should be kept.

Behaviour. Behaviour such as burst swimming or exposing the dorsal fin above water should be 
observed; time taken for the resumption of feeding after the procedure should be recorded. 

Injuries. As mentioned above, although all preventive measures should be taken to avoid injuries, 
particularly from sorting devices, it is important to record cases where injury indicators such as blood 
or scales are seen in the water or the sorter. In extreme cases calling for more precise monitoring, fish 
may be examined individually for possible injuries, mainly to the skin, skull and fins.

Health. If injuries are present, resultant infections may occur. Consequently, any indications of 
disease that appear over the days immediately following the handling operation should be investigated 
more thoroughly. 
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6.2.4 |   Sampling to monitor weight and health

Sampling to monitor weight, health or even welfare indicators, such as blood sampling to assess 
physiology indicators, is a common practice throughout the production cycle, but one that may have 
significant effects on fish welfare. It includes practices such as crowding, chasing to catch individuals, 
exposure to air, anaesthesia in some instances, and handling operations depending on the samples 
being taken. When carried out in the recommended manner, these practices are regarded as being of 
mild severity, with a low impact on welfare (EC, 2009; Hawkins et al., 2011). All the same, a series 
of indicators should be monitored throughout these practices.

Welfare challenges

•	 Operations during the procedure: Operations in the course of the procedure such as crowding, 
catching, exposure to air and in some cases anaesthesia cause stress to fish and may additionally 
lead to injuries and potential health problems resulting from them.

•	 Anaesthesia: Measuring weight and examining health or other indicators in fish very often 
means anaesthetising them. If not administered at the correct dosage depending on the fish’s 
developmental stage and body weight, or if it lasts for longer than recommended, this may pose 
significant welfare issues, even leading to death.

•	 Sampling: Operations such as biopsies and blood tests carried out on fish during sampling may 
induce stress.

Ways of reducing the negative effects of monitoring weight and health

•	 Sound practices should be implemented in the course of operations, before, during and after 
handling.  

Operational Welfare Indicators during sampling to monitor weight and health
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Environmental indicators

Oxygen saturation. Oxygen saturation should be monitored both during crowding and in the 
anaesthesia and recovery tanks. Recovery in particular is more difficult when water oxygen saturation 
is insufficient. 

Temperature. Water temperature in anaesthesia and recovery tanks may vary, especially when there 
are marked differences between air and water temperature, e.g. on hot summer days. Temperature 
variation is anticipated to lead to changes in oxygen saturation.

Biological indicators

Mortality. Operations to sample zootechnical characteristics are procedures that may in rare instances 
lead to mortality. It is thus important to record any mortality during procedures and over some days 
thereafter, so as to pinpoint possible problems in retrospect.

Behaviour. Behaviour such as swimming and shoal formation should be monitored both during the 
procedure and for some days thereafter, so as to assess the degree of stress inflicted. Recording the 
time required for feeding to resume once the procedure is completed is another significant parameter. 

Injuries. Operations aimed at sampling morphometric characteristics may lead to injuries, as they 
include practices such as catching and exposure to air. Thus, one indicator of reduced welfare at 
the stock level is the presence of scales, mucus or blood in the water. Furthermore, when deemed 
necessary, individual examination of the fish’s external condition as a more detailed indicator may 
be carried out. Of course, this is only recommended in instances where it is deemed necessary, as 
individually examining fish involves repeating the sampling procedure. 

Respiration rate. Respiration rate can be utilized as a procedural stress indicator. Using this indicator 
initially necessitates assessing respiration rate before the procedure, so as to calculate the difference, 
as the rate may be affected by external factors such as temperature and oxygen saturation. A further 
difficulty lies in the fact that measuring respiration rate requires the animal to be stationary or slow 
moving.
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6.2.5 |   Administering veterinary treatments

Although operations to administer veterinary treatments or preventive measures aim to safeguard fish 
health, they may cause stress nonetheless. A number of veterinary procedures such as vaccinations 
at a particular stage in the production cycle are routine for every fish stock, while others including 
antibiotic or antiparasitic treatments are implemented when necessary. In any event, implementing 
veterinary practices is essential, and aims at improving fish living conditions, but welfare indicators 
should be recorded during implementation. 

Welfare challenges

•	 Operations during the procedure: Assessing fish health initially requires sampling, as 
described in previous sections. Furthermore, implementing veterinary treatments or preventive 
measures involves animal handling operations. Thus, during vaccination fish are exposed to a 
series of operations that include crowding, catching, anaesthesia and, lastly, inoculation itself. 
Similar operations are necessary in the case of treatments, while the treatment procedure itself 
often involves placing fish in water that contains an antibiotic or antiparasitic chemical agent.

•	 Effects of veterinary procedures: Implementing preventive measures or treatment may in 
itself represent a challenge to welfare. In particular, implementing practices such as transferring 
fish to low salinity water or administering chemical antiparasitics to combat pathogens 
(Athanasopoulou, 2001) is anticipated to impact fish welfare. Furthermore, particularly when 
injected, vaccinations may lead to side effects such as reduced growth rate, chronic peritonitis, 
fibrous adhesions and granulomas in the peritoneal cavity (Papadopoulos et al., 2008).

•	 Water quality when carrying out veterinary procedures: Implementing preventive measures 
or treatment often necessitates crowding fish in small volumes of water so as to carry out the 
desired operations (Papadopoulos et al., 2008). In such instances water quality may deteriorate 
significantly. Having a supply of oxygen or air is essential.

Ways of reducing the negative effects of veterinary procedures

•	 Fish welfare must always be taken into account when implementing veterinary treatments. The 
usefulness and necessity of such treatments must thus be evaluated in combination with the 
welfare problems they could potentially cause. There are cases in which the fish’s condition is 
irreversible, and implementing euthanasia is preferable to ineffective, painful treatment.

•	 Where feasible, it is helpful for treatment to be completed on part of the stock (e.g. one tank 
or one cage) before being continued on the remaining fish. This means that the impact on fish 
welfare can be assessed to decide whether or not to continue the procedure.

•	 Archives containing records of practices and their effects on fish welfare should be kept, to allow 
for possible retrospective assessment of operations aimed at improving them.

Operational Welfare Indicators when carrying out veterinary procedures

Environmental indicators

Oxygen saturation. Oxygen saturation may drop during the operations preceding sampling and in 
the course of veterinary procedures, which renders continuous oxygen monitoring necessary. Catching 
the fish initially necessitates crowding, when issues with oxygen levels may arise. Thereafter, in cases 
where fish are treated by bathing in small tanks that contain the therapeutic agent in solution (thus 
limiting the amount of medicine used) or immersion vaccinations, the fish remain in non-recycled 
water, where oxygen levels drop due to respiration. Oxygenation problems may likewise be observed 
when administrating injected vaccinations, as fish are gathered into groups from the rearing volume 
and placed in small, non-recirculating tanks. Oxygen must be monitored constantly throughout all of 
the aforementioned practices, with outside air or oxygen being supplied whenever needed. In that 
case, particular care must be taken not to create hyperoxic conditions in the water.

Temperature. Water temperature may vary when operations are carried out in small tanks, as 
mentioned above, particularly in instances where water and air temperatures differ significantly. 
Temperature should be monitored and steps such as changing the water or interrupting the procedure 
should be taken when changes are marked. 

pH. In cases where fish are immersed in water containing a therapeutic agent or vaccination in 
solution, pH should be monitored closely to avoid any changes brought about by the agent’s chemical 
properties. Furthermore, as the fish are placed in non-recirculating water, pH may drop due to an 
increase in CO

2
 released during exhalation.

Stocking density. This refers to the stocking density to which fish are exposed during handling 
operations, e.g. immersion in water with therapeutic agents. High densities are frequently used when 
carrying out such operations, so as not to waste pharmaceuticals. It is thus important to record density 
and any issues that may arise concerning welfare and the use of other supplementary indicators, such 
as environmental parameters, behaviour and injuries.
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Biological indicators

Mortality. Although veterinary procedures are carried out to improve health in fish, the severity 
of them combined with the fish’s condition may cause mortality, particularly when the fish under 
treatment are already ill. Mortality must be recorded to evaluate whether or not treatment should be 
continued, as well as for retrospective examination of how severe practices are.

Behaviour. Behaviour can be evaluated on several levels, both during the husbandry procedure 
and in assessing the fish’s recovery to normal condition once it is complete. During the practice, the 
emergence of “panic behaviour” or swimming behaviour can be monitored during the procedure, 
when the animals are not under anaesthesia. In addition to swimming behaviour, fish recovery can 
be assessed by monitoring the time required for feeding to return.

Injuries. Given that administering veterinary procedures involves the series of operations described 
above, injuries may occur. These can be monitored and recorded at stock level via the presence of 
scales and/or blood in the water, while macroscopic examination of fish can be used for greater 
accuracy.

Health. Assessing health after veterinary procedures is often carried out to monitor how successful 
or not treatments are, and/or the potential effects of vaccinations, and whether it is necessary to 
administer further treatment.

Respiration rate. As in the case of other stress-inducing practices, recording respiration rate, at least 
comparatively, can serve as an initial assessment of how much stress animals are subjected to. 

Blood glucose and lactate levels. Sampling to determine blood glucose and lactate levels can be 
carried out to monitor stress in fish more precisely. Both parameters are expected to increase in fish 
subjected to stress.

Blood cortisol level. Cortisol is the most reliable indicator of acute stress, and can be used to 
evaluate the stress caused by operations carried out on fish. As a laboratory indicator it requires 
special laboratory equipment and appropriately trained staff.

6.2.6 |  Nutrition

The nutrition strategy implemented by a farm is selected by the producer. It includes feed composition 
and quality, and feed delivery management with regard to quantity, frequency and distribution, as 
well as periods when feeding is reduced or suspended

Welfare challenges

•	 Feed composition. The composition of feed represents a significant challenge to welfare. 
Technology in this area is sufficiently advanced for feed to offer fish all the elements necessary 
for proper nourishment. Care should be taken by producers when selecting feed, so as to ensure 
the elements necessary for good nutrition are supplied in relation to the fish’s developmental 
stage and physiological condition.

•	 Feed delivery rate. Feed delivery rate and frequency may affect fish welfare. In particular, meal 
distribution during the day plays an important role in feed utilisation, allowing for digestion of 
the previous meal, as does systematic rather than random feed delivery. Furthermore, proper 
time distribution of feed can reduce potential aggression phenomena between fish.

•	 Feed delivery method. Feed delivery method relates both to delivery systems, e.g. hand feeding, 
automatic or self-feeders, and to the spatial distribution of feed. Low feed dispersal has been seen 
to increase aggression and competition, mainly in European sea bass.

•	 Fasting periods. Fasting periods are one of the greatest challenges to welfare in feed management.  
Such periods usually precede operations carried out on fish such as transportation, veterinary 
procedures or harvesting.

Ways of reducing the negative effects of nutrition

•	 Recording appetite and feeding behaviour can assist in better managing nutrition.

•	 Competition can be averted or reduced by properly distributing the feed supplied over time and 
space, and feeding according to a fixed plan.
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Operational Welfare Indicators during nutrition

Environmental indicators 

Oxygen saturation. Oxygen saturation can heavily influence appetite, and must thus be recorded, 
and feed supply appropriately adjusted where necessary.

Temperature. Temperature also directly influences feeding, and is a factor that should be taken into 
serious consideration in feeding tables that determine the feed supplied to a fish farm unit. 

Stocking density. Both stocking density and the number of individuals being reared in a single 
cage or tank determine the amount of feed supplied. Consequently, the more accurate data on these 
parameters are, the more correct feed supply will be.

Biological indicators 

Appetite. One highly significant indicator in assessing feed management is appetite. Non consumption 
of the feed offered on the basis of feeding tables should serve as a warning sign to monitor other 
welfare indicators.

Growth. The aim of nourishing fish is to increase their body weight. Good living conditions with 
proper nutrition in terms of feed quality and delivery management should lead to increased body 
weight in a healthy fish stock. Body weight growth can thus be used as an indicator of proper fish 
nutrition.

Behaviour. Fish behaviour during feeding can serve as an indicator of proper food delivery method.  
Both undernourishment and unsound food dispersal can lead to competition and aggression emerging 
during feeding. There should thus be a system (such as presence/absence) for evaluating such 
behaviours, so as to assess the procedure and improve it in retrospect whenever necessary.

Health. Fish health and vigour are both affected by feeding. A series of conditions influenced 
by nutrition can pose a threat to health. Firstly, in addition to weight loss, undernourishment or 
lengthy periods of feed deprivation may cause immune changes to an organism (Caruso et al., 2011), 
negatively affecting its health. Furthermore, a series of disorders can arise in fish due to deficiency 
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of essential nutrients in feed, such as essential fatty acids (Montero et al., 2004; Skalli et al., 2006), 
amino acids, vitamins and inorganic elements including phosphorus (Kousoulaki et al., 2015). Lastly, 
nutritional diseases such as fat accumulation in the liver may arise from food composition. 

Blood glucose level. Both European sea bass and gilthead sea bream show demonstrably higher 
levels of blood glucose postprandially, recovering to initial levels 12-24 hours later (Kousoulaki et 
al., 2015). Thus, in rare instances where detailed analysis of feed programming is required, it can 
serve as an indicator of meal digestion.

6.2.7|   Tank and cage maintenance tasks

Simple maintenance tasks such as cleaning or painting tanks have been seen to be capable of causing 
stress in fish, leading to reduced feeding (Rubio et al., 2010). Tasks are also carried out on floating 
sea pens to maintain farm infrastructure and cages, e.g. nets. When carried out on cages containing 
fish, tasks of this type may constitute stress factors, affecting fish wellbeing.

Welfare challenges

•	 Stress. Maintenance tasks may cause stress to fish, negatively impacting their welfare.

Ways of reducing the negative effects of maintenance tasks

•	 Whenever possible, maintenance tasks should be carried out when fish are not being reared in 
the facilities concerned.

Operational welfare indicators during maintenance tasks

Environmental indicators

Oxygen saturation. As maintenance tasks may cause fish stress, thus leading to an increase in 
activity and respiration rate, oxygen saturation should be monitored and air or oxygen supplied as 
required.

Environmental indicators Biological indicators
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Biological indicators

Appetite. Reduction or loss of appetite is one of the immediate, easily observable effects of stress. 
The intensity and duration of effect on feeding should thus be recorded after every maintenance task.

Behaviour. Unnatural behaviours such as “panic swimming” should be recorded whenever performing 
maintenance tasks.

Injuries. The unnatural swimming behaviours described above may lead to injuries due to fish 
striking tank walls, pen nets or each other. Observation of scales or blood in the water and macroscopic 
examination of the fish’s condition can be used as indicators.

Health. Injuries render a fish more vulnerable to infections. As a result, any record of injuries should 
be followed up by monitoring the population for the potential emergence of infections.

Respiration rate. Given that respiration rate increases in fish under stress, it can be used as an 
indirect indicator of stress when monitoring how severe practices are.

6.2.8|   Harvesting and killing

Harvesting and killing are the final stage in the production cycle. Any pain and anxiety inflicted by the 
killing method and the catching procedure that precedes it should be kept to a minimum throughout. 
Immersion in ice or ice water to provoke thermal shock and asphyxia is the killing method normally 
used in European sea bass and gilthead sea bream farming. Although the practice is not considered 
humane (van de Vis et al., 2003) and does not comply with the standards 
laid down by the World Organisation for Animal Health (EC Final Report 
2017), the European Commission [COM(2018)788 final] acknowledges that 
at this stage “the Commission considers that the evidence suggests that it is not 
appropriate to propose specific requirements on the protection of fish at the time 
of killing, taking into account that the objectives of the Regulation may equally 
be achieved by voluntary measures, as evidenced by the improvements introduced 
by industry in recent years… However, it has also to be recognized that there 
is a need for further research aimed to tailor dedicated systems for those fish 
species where the development of more effective techniques is necessary.” In recent 
years, the use of electrostunning has been trialled in Greece with a view to 
anaesthetising fish rapidly and directly after they are pumped from cages [i.e. 
without recourse to catching tanks and exposure to air], prior to killing via 
immersion in ice baths (Papaharisis et al., 2019). This technology, which is 
used for Atlantic salmon and on a small scale for rainbow trout and carp (EC, 2018), is regarded as 
being in line with animal welfare demands (van de Vis et al., 2003) and EU regulations (OIE, 2015), 
as using it guarantees immediate stunning prior to killing. At present it is being trialled to assess its 
suitability for future use as an alternative way of harvesting and killing. The disadvantages of this 
method include the fact that electrostunning must be followed up by an effective killing method, and 
that current levels have to be adapted and/or optimised depending on fish species and size. Lastly, 
unlike the commonly used killing method by immersion in ice water, electrostunning is potentially 
dangerous and requires staff to take strict safety measures.

Apart from killing method, the practices that precede it such as crowding, netting, exposure to air etc. 
have a highly significant impact on the stress inflicted and the quality of flesh. Consequently, these 

procedures should also be taken into account when assessing the overall 
effects of harvesting. 

Welfare challenges

•	 Pre-killing operations: As crowding generally precedes harvesting, 
the challenges referred to in the appropriate section above should be 
taken into account. Furthermore, welfare may also be impacted by 
the way in which fish are transferred from cages to the killing area.

•	 Killing in ice water: Killing by immersion in a mixture of water and ice is a time-consuming 
procedure (Zampacavallo et al., 2003), lasting up to 34 minutes until unconsciousness (Acerete 
et al., 2009). Furthermore, when fish are in ice water, they make panic movements and attempts 
to escape (van de Vis et al., 2003), thus reflecting reduced welfare conditions as well as the 
likelihood of developing injuries that will detract from end product appearance.

•	 Electrostunning: Use of an appropriate electric current depending on fish species and size. 
Immediate immersion in ice water to cause death before consciousness is regained.

Ways of reducing the negative effects of harvesting

•	 The duration and intensity of crowding prior to harvesting should be minimized, as should 
exposure to air during transportation.

•	 New methods for loading and unloading fish such as pumping should be implemented.

•	 New killing methods should be developed, such as electrostunning prior to killing in ice water.

Environmental Welfare Indicators during harvesting and killing

Injuries

Time to rigor mortis

Blood and muscle pH levels

Injuries

Proper fish transfer

Behaviour

Mortality

Temperature

Oxygen

Environmental indicators Biological indicators
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Environmental indicators

Oxygen saturation. As oxygen saturation may decrease dramatically in crowding conditions, it is 
vital to monitor oxygen levels throughout the procedure. As a general recommendation, the EFSA 
report (2008) mentions that oxygen saturation in rearing conditions should be no lower than 40%.

Temperature. Temperature must be taken into account, as it can affect killing time in ice water. The 
temperature fish are exposed to should also be monitored, especially in the summer months, when 
surface water temperature may be particularly high.

Biological indicators

Mortality. In extreme instances the procedures preceding killing may cause mortality. Any such 
mortalities must thus be recorded, so as to pinpoint potential procedural problems in retrospect.

Behaviour. Prior to being transferred to killing tanks, the fish must exhibit calm behaviour, without 
making sudden movements or lashing their tails. The emergence of any such behaviours must therefore 
be recorded and evaluated. Thereafter, immersion in ice water is a procedure anticipated to provoke 
“panic behaviour” in fish, featuring intense, sudden movements. Lastly, during electrostunning the 
device should be monitored to ensure that all fish exiting it are unconscious. 

Proper fish transfer. Transferring fish into the ice water tank involves exposing them to the air. 
This procedure should be minimised as far as possible, as it has a highly negative effect both on fish 
welfare and on end product appearance. By contrast, getting fish into an electrostunning device is 
usually achieved by pumping them there one by one together with water from the rearing cage. The 
potential for injuries to arise should be monitored during the procedure.

Injuries. Poor practices both before and during killing may cause injuries to fish. In particular, these 
can be incurred during crowding, transportation, exposure to air and incorrect pumping. They are 
normally manifested on the skin, e.g. as scale loss, and the fins, though there may also be injures to 
the eyes, the snout and the opercular bone.

Time to rigor mortis. Stress before killing and thus poor living conditions may lead to the faster 
emergence of rigor mortis. Apart from being an indicator of welfare prior to killing, this is of practical 
importance, as rigor mortis may create problems during product processing, such as filleting.

Blood and muscle pH levels. Blood and muscle pH can likewise be indicative of a stress-inducing 
event prior to death, e.g. during crowding or transportation. In particular, being under stress activates 
the anaerobic energy production system, which results in lactate accumulating in muscle and being 
released into the blood. This leads to a drop in pH, which may affect how soon rigor mortis appears 
and how long it lasts (Trocino et al., 2005; Bagni et al., 2007; Matos et al., 2010). 

6.2.9|   Summary

•The challenges posed to welfare may vary depending on the stage in the production cycle. 

•Ιn a similar manner, different husbandry practices have different effects on fish welfare and vigour.

•This chapter presented the challenges posed to welfare during the main stages in the production  
  cycle and the main husbandry practices implemented, together with a description of how to use
  (chiefly) operational welfare indicators to monitor their effects on good living conditions.
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